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This study, the first of its kind in Southern Africa, was 
undertaken in order to determine and compare the incidence of 
various alternate conceptions in some areas in mechanics amongst 
pupils from standards 4 through to 9, i.e. from ages ca. 11 to 
17, in selected schools in the Western Cape and Transkei, South 
Africa. 
After a careful study of the relevant literature a questionnaire 
was designed for the purpose of identifying the frequency of 
various alternate conceptions in the selected areas in mechanics. 
This questionnaire was administered to 2326 pupils under 
carefully controlled conditions during August and September 
1987. 
In analysing the data the frequency of particrilar ~lternate 
conceptions in the following groups of pupils were compared: 
(i) by school standard 
(ii) by geographical area 
(iii) by language group 
(iv) by gender 
(v) by urban and rural regions in the Cape 
(vi) by subject choice i.e. science pupils 
and non-science pupils 
An analysis of the data shows that in most of the areas in the 
field investigated remarkably small differences exist in the 
frequency with which different alternate concep~ions are held by 
different groups of pupils. In most cases differences could be 
related to the pupils' school standard. However, in the fields of 
circular motion, projectile motion and static equilibrium, clear 
differences were found to exist between boys and girls as well as 
between pupils in schools in the Western Cape and Transkei. 
(iv) 
Furthemore, in most cases examined the accepted scientific 
conception was the least popular, particularly in the field of 
force and motion where conceptions linking force and motion were 
overwhelmingly selected by pupils in all of the groups. However, 
ah exception was the standard 9 science pupils, i.e~ 16- 17 year 
olds following the science course in high school, who in some 




The implications of the findings of the study for classroom 
I 
teaching are discussed. 
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Th~ research presented in this thesis deals with some of the 
ideas which children use to explain everyday events and the ways 
in which they interpret these events. In this context Ausubel 
I 
(1968,p.iv.) pointed out the importance of such prior ideas in 
further learning. New knowledge interacts with existing knowledge 
an~ becomes part of it (Novak,1978.). Osborne and Wittrock (1983) 
stress that the individual's existing knowledge determines which 
pa~ts of his sensory input he will pay attention to and which 
pa~ts he will ignore. The learner generates links between the 
incoming information and those parts of his memory or prior 
knowledge which he thinks are relevant. He now uses the 
information to which he has linked the sensory input in order to 
make sense out of the sensory input i.e. to understand what he or 
stie is seeing or hearing. If this is true, then it is clearly 
extremely important in science teaching to have some idea of what 
children think about particular situations which are widely used 
in introducing and explaning of various key science concepts. 
Changing views of children's ideas in Science: 
Our understanding of the ideas held by learners in science has 
changed considerably during the last ten years. Traditionally 
ideas held by learners which were in ·conflict with normal science 
! 
were considered to be misconceptions. The task of the teacher was 
to identify these misconceptions and correct them before learning 
I 
could occur. In early attempts to uncover some of the popular 
misconceptions held by learners, Doran (1972) investigated the 
1 
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misconceptions students held about the particle nature of matter, 
Za"rour (1975) the misconceptions held in a number of areas of 
physics, earth and space science and Helm (1978) the 
misconceptions held by pupils 
Although Za"rour quotes Garone's 
can be traced to improper 
in selected topics in physics. 
opinion that the misconceptions 
reliance on common-sense and 
misinterpretation of experience, the investigators were more 
interested in cataloguing the misconceptions, because of the 
obvious importance to curriculum developers and classroom 
teachers, (Doran,1972), than in investigating the origin or 
nature of these ideas. Leboutet-Barrel, (1976), however, started 
to look at the nature of the mistakes made by children in science 
and concluded that: ' 
not integrated 1. empirical terms used by children are 
like the concepts of a physicist by physical .laws or 
based on their reinforced by theory,· but are 
perceptions or personal action; 
2. preconcepts are given only subjective values and as 
such cannot be expressed in mathematical terms: a 
weight is heavy, a force is powerful!, etc; 
3. preconcepts are often considered as a q~ality of an 
object: a body possesses force, moving bodies come to 
rest because the force is "used up", etc; 
4. conceptual vocabulary is poor but increases in quality 
around the ages of 14 and 15. Thus children at this 
age are able' to envisage the simultaneous actions of 
opposing forces on a body, use standards of reference 
when making comparisons and begin to define -~oncepts 
2 
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in terms of their characteristics rather than 
subjective values. This change occurs spontaneously 
in both boys and girls; 
5. the deeply ingrained 
with difficulty by 
spontaneous knowledge 
empirical notions 
the newly acquired 
is an obstacle to 




Leboutet-Barrel concludes that it is extremely important to 
explore the area of preconceptions and that it is crucial to make 
an inventory of the entire range of conceptual errors shown by 
pupils in the course of learning as these present an obstacle in 
the acquisitioning of new ideas. 
While Leboutet-Barrel describes in some detail some of the 
characteristics of children's reasoning in science, Viennot 
(1979), asserts that all of us "share a common explanatory scheme 
of 'intuitive' physics which, although we were not taught it in 
school, represents a common and self-consistent stock of concepts 
and which, however wrong it may be, resists attempts to change or 
modify it''. Here for the first time we see an attempt to move 
away f~om what was previously considered to be reasons for 
learning difficulties in science, to describing the nature of a 
system of thought shared by all of us. She calls this kind of 
reasoning "spontaneous reasoning" and the mistakes made by 
learners are seen as an insight into spontaneous reasoning. In 
this way the mistakes made by learners are no longer only of 
importance to teachers and curriculum developers, but they are 
the tools whereby the actual thought processes of the learner can 
be investigated. Viennot is also of the opinion that the 
3 
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knowledge content of spontaneous reasoning is very resistant to 
change and will outlive any teaching which contradicts it. As far 
as mechanics is concerned, the system represents "a worked-out 
and effective system of thought, despite being in conflict with 
the yet more worked out Newtonian scheme. It deals without 
contradiction with most situations encountered in daily life." 
(Viennot,1979.) In more detail, she has found for example that 
for many learners there exists a "pseudo-linear relation 
between force and velocity which can be described as follows: 
1. If a body is not moving then zero force is acting on 
it even if its acceleration is not zero. 
2. If a body is moving then a net force is acting on it 
even if the acceleration of the body is zero. 
3. If the velocities of two moving bodies of equal mass 
are different then the forces acting on them are 
different even if the accelerations are the same. 
Furthermore, she found two general tendencies in the 
velocity-force relation. These are the tendencies to: 
1. attribute physical quantities e.g. force, to objects 
themselves. Thus bodies are seen to move because they 
h5:ve a force; 
2. to look for a force in the direction of motion in 
order to account for the motion; 
While Viennot reached the conclusions which she did after 
analyzing the results of tests designed to uncover underlying 






and analyze spontaneous ways of reasoning (SWR) of 
in kinematics (uniform motion in Galilean frames)". 
They compared the answers of eleven year old children with those 
of university students in their first and fourth years and 
concluded that there was very little variation from one group to 
the next. This, they say cannot be attributed solely to school 
learning, but rather to the existence of an organized system 
which they call "the natural model" as opposed to the kinematic 
model of motion. The natural model involves two interacting 
components: 
(i) one which is purely descriptive and describes motion. 
This component involves two different aspects: 
(a) distances travelled and trajectories are frozen in a 
unique and purely geometrical space; 
(b) there are two kinds of motion; real or true motion 
which is intrinsic because it has a recognized 
dynamical cause and apparent motion which is perceived 
as an optical illusion. 
(ii) the other which is causal and explains motion and' 
results from the permanence of a link between motion 
and its causes. Motion and velocity are considered to 
be permanent physical properties of the moving body 
alone, independent of observers and tend to be defined 
by reference to the driving forces which cause them 
rather than by the frames. 
5 
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According to Saltiel and Malgrange, the natural model is rarely 
found in its pure state but co-ex~its with the kinematic model so 
that students stand somewhere between the two. They further 
stress that the model does not necessarily lead to coherent 
answers, as would an actual theory, but it does permit a coherent 
explanation of the answers to their test as a whole. Like 
Viennot, the authors consider SWR to represent a well structured 
set of concepts which is essentially independent of the knowledge 
learnt at school. It may indeed co-exist with the learnt 
knowledge. It should not be considered a distortion of school 
knowledge but rather as an "original mental construction" which 
develops before teaching commences. Although the authors do not 
suggest how this knowledge is acquired, it is interesting to 
notice that they consider it to be learnt early and that it is 
constructed by the individual. 
The existence in learners of a structured set of concepts which 
are at variance with accepted scientific dogma appears to be 
accepted now by most authors. Driver (1980) calls the ideas which 
form part of this knowledge structure "alternate conceptions". 
She considers these concepts to be ordered into frameworks which 
she calls "alternate frameworks". Gilbert, Osborne and Fensham 
(1982) refer to it as "children's science". It also appears to 
be widely accepted that these conceptions or networks of 
conceptions are constructed at an early age by the individual 
through the experience of the individual with objects and through 
language usage.(Claxton,1982; Driver,1981) 
Ogborn, (1985) addresses the problem of why certain alternate 
conceptions associated with motion exist. He is not concerned 
6 
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with why people or how people construct some personal 
conceptions, as Claxton for instance is, but rather is interested 
in finding out why the conceptions which are constructed are what 
they are, i.e. he is interested in the "content" of alternative 
conceptions or, as he says, "a theory of the ordinary person's 
commonsense theory of motion''. He has developed a fairly detailed 
alternate theory of motion that would explain some of the ideas 
held by learners in the area of motion and force. 
In a further refinement Guidoni ( 1985) analyses "natural 
is a non-separable part of thinking". Natural thinking, he says, 
a complex working structure, itself highly structured and open to 
continual change. We cannot set it aside to see what will happen 
to it, for it is nest~d inside any specialized thinking and will 
influence even our own efforts to reflect on it. It is part of an 
ever on-going 
He describes 
process but not an 
the function of 
"objectifiable stable entity". 
natural thinking as driving 
behaviour within a context according to a purpose. When Guidoni 
goes on to discuss the dynamics of natural thinking it is clear 
from what he says that, to hiin, the concept "natural thinking" is 
a very real concept. 
There can be no doubt that this field of enquiry has changed 
considerably since the early work of Doran, Za'rour and Helm from 
one in which the interest lay in exposing and cataloguing 
misconceptions held by learners to one in which cognitive 
psychological terms abound and in which the discussion no longer 
centres as much on what students think but rather on why and how 
they think as they do. 
7 
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The position of th~s study: 
This study involves the identification of some of the ideas which 
South African ehildren have about various concepts in physics and 
as such may be seen to be similar in many ways to the work of 
Helm, Doran and Za'rour. However, there is a sharp difference in 
that the situations used will be everyday ones for the pupils and 
as such the informatibn elicited from them will be some 
indication of how they explain the day-to-day world around them. 
Viennot, (1985), is of the opinion that a programme for research 
in science education should seek to: 
* demonstrate regularities in different kinds of students' 
productions and to describe these regularities in terms 
of conceptual frameworks or ways of reasoning; 
* investigate the conditions under which these conceptual 
frameworks can be changed. 
The underlying conceptual frameworks can be inferred from 
regularities in responses, although there are serious problems 
associated with this. While it may well be possible to make some 
inferences about the conceptual frameworks of pupils in this 
study, this is not our primary purpose. The intention of this 
study is to bring about an awareness amongst teachers and others 
jnyolyed jn teaching or preparing science curricula for use in 
our schools that: 
1. children do not enter classrooms without ideas about 
the world around them; 
2. these ideas are not at all the ideas which we 
ourselves have acquired as part of our own science 
education; 
8 
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3. in a class there •ill almost always be a number of 
modifications of a basic idea; 
4. children use these ideas ' to make sense of what they 
hear and see; 
5. the ideas they hold will determine the way in which 
children interpret reality as well as the examples 
used in teaching. 
It is our firm belief that these messages 
practitioners in the classroom - ·more so than 
them about conceptual frameworks. 
are important for 
simply informing 
From what has been said about some· of the aims of this study, we 
are of the opinion that it should be seen as falling within the 
constructivist approach to learning. 
The relevant theory of learning: 
In reviewing the influence 6f cognitive psychology on 
teaching of science in schools, Driver (1982) concludes 
the 
that 
there are basically three main traditions in research into 
learning which have made major contributions to learning and 
instruction in science. She lists these as: 
1. The tradition of developmental psychology with its 
age- related restrictions on learning (Piaget). 
2. the behaviourist tradition which ignores 
developmental restrictions with its optimistic claim 
that all that is required for learning to take place 
is appropriate structuring of the learning material 
(Gagne). 
9 
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3. the rapidly emerging tradition of constructivist 
psychology. 
This tradition is similar to the behaviourist tradition in that 
it recognizes that the outcome of a learning experience depends 
not only on the instruction provided but also on the already 
existing conceptual framework of the learner. 
Most authors in the field of "alternate conceptions" or 
"childrens' science" are in agreement that this work is best seen 
within the constructivist tradition. (Hewson, Osborne) Driver, 
Gilbert, Pope, Claxton.) 
The constructivist approach: 
The constructivist approach to learning in science is based on a 
cognitive theory of personality, namely the Personal Constructs 
Theory of George Kelly first put forward in 1955. 
1. Personal Constructs Theory: 
(i) General: 
This theory of personality, like the theories of Freud and 
Rogers, was developed prim~rily out of considerable contact with 
clients during therapy. (Pervin, 1970, p.333.) It is primarily a 
theory of man's efforts to conceptualise (i.e.to construe) his 
environment. It is a cognitive theory of personality in that it 
emphasises the ways in which an individual perceives stimuli, the 
way he interprets and transforms these stimuli in relation to 
already existing structures and the ways in which he behaves in 
relation to these interpretations and transformations. 
(Pervin,1970,p.333) The theory is holistic. It emphasises 
individual differences and the stability of behaviour over time 
10 
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and across situations. The first consideration of the theory is 
the individual person, not parts of him or processes manifested 
in his behaviour. Pervin (1977,p.334) says of Kelly's theory 
that: "it is an extremely imaginative effort to interpret 
behaviour in cognitive terms." 
(ii) Kelly's view of man: 
Theories of 
assumptions 
personality have in them 
about the nature of man. 
implicit philosophical 
To appreciate any such 
theory it is crucial that one should be fully aware of these 
underlying assumptions. In the case of Kelly he assumes that man 
is a Scientist. 
"To a large degree - though not entirely - the blueprint 
of human progress has been given the label of "science". 
Let us then, instead of occupying ourselves with man- the 
biological- organism or man- the lucky- guy, have a look 
at man the scientist" (Kelly,l955,p.4) 
Man experiences events, notices similarities and differences 
among these events, formulates concepts or constructs to order 
his observations and uses these constructs to anticipate or 
predict eyents. Man is therefore active. 
"Han looks at his 
templates which he 
world through transparent patterns or 
creates and then attempts to fit over 
the realities of which the world is composed Let 
us give the name constructs to these patterns that are 
tried on for size. They are ways of construing the world." 
(Kelly,1955,p.8-9) 
While all men are Scientists in that they all use constructs and 
11 
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follow the same psychological 
constructs, individuals are unique 
processes in using these 
in the way in which they use a 
particular construct. 
It is clear from the above quotation that for Kelly there is no 
objective absolute truth and that e~ents or phenomena have. 
meaning which depends only on the way in which they are construed 
by the individual. 
" ..... whatever nature may be, or however the quest for 
truth will turn out in the end, the events .we face 
today are sub,ject 










According· to Pervin,(1970,p.336) Kelly's view of Man has .two· 
major consequences: 
Firstly.there is the view th~t man is oriented towards the 
future. Kelly is of the opinion that: 
"Anticipation is not merely carried out for its own sake; 
it is carried on so that future reality may be better 
represented. It is the future which tantalizes Han, not 
the past. Always he reaches out to the future through the 
window of the present." (Kelly, 1955, p49. ) 
Secondly, it suggests that the individual has the capacity to 
represent the environment rather than merely respond to it. 
Individuals have the. ability to continually interpret, 
reinterpret, construe and reconstrue their environment. Life is a 
representation of reality and it is this quality of life which 
enables man to make and remake himself. Only man has the ability 
12 
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to link the past with the future and to construct his own way of 
viewing things. Man is both free and determined as the: 
" ...... personal construct system provides him with both 
freedom of decision and· limitation of action - freedom 
because it permits him to deal with the meaning of events 
rather than forces him to be helplessly pushed about by 
them~ and limitation~ because he can never make a choice 
outside his world of alternatives he has erected for 
himself."(Kelly,1955,p.58.) 
Man is free to construe events but is then bound by his 
constructions. He can change his constructions by reconstructing 
his environment and his life. Seen in this way, man is neither a 
victim of his past history, nor of. his present circumstances 
unless he wants to construe himself in that way. (Pervin, 
1970,p.337) 
(iii) Kelly's philosophical position: 
As we have stated above, theories, be they of personality or 
otherwise, have underlying philosophical assumptions which it is 
crucially important to understand if the theory is to be fully 
appreciated. In the case of the Personal Constructs Theory, the 
underlying assumption is: 
" ..... that whatever nature may be~ or howsoever the quest 
for truth will turn out in the end, the events we face 
today are subject to as great a variety of constructions as 
our wits will enable us to contrive."(Kelly in Millon, 
1973,p.209) 
13 
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This philosophical position Kelly calls "constructive 
alternativism''. According to this position there is no objective 
reality or absolute truth to discover. Man construes events by 
making representations of phenomena in order to make sense out of 
them. Inherent in this view is the idea that for any event a very 
large number of alternate constructions exist which may represent 
the event differently. 
" But it does remind us that all our present perceptions 
are open to question and reconsideration~ and it does 
broadly suggest that even the most obvious occurrence of 
everyday life might appear utterly transformed if ~e ~ere 
inventive enough to construe them differently". ( Kelly in 
Millon, 1973, p.209). 
(iv) The meaning of eyents: 
Constructive alternativism stresses the importance of events and 
that the individual gives meaning to the event. The meaning given 
to an event is: "anchored in its antecedents and its 
consequents." (Kelly in Millon, 1973, p. 210). In other words, ·the 
meaning an individual links with an event is determined by what 
preceded the event and what the outcomes of the event were. For 
an event to have meaning the passage of time is important as 
events can be seen to have a start and a finish. The following 
diagram is an attempt to represent the above view of the meaning 
of an event. 
14 
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Start Finish 




The preceding happenings are the means whereby the event is 
anticipated and allow for the prediction of the outcomes of the 
event which follows. Thus the meaning of an event also includes 
the way in which it is anticipaied (Kelly in Millon,1973, p.210). 
\ 
It follows from this that if identical events are identified by 
different means (different precedents) then these identical 
\ 
events will have different meanings. Further, if the assumed 
outcomes of identical events are different, then the meanings 
given to the same event will also be different. Similarly, events 
which are different will be considered identical if their 
precedents and outcomes are perceived to be the same. 
So, to summarize: 
* an event is anticipated by preceding happenings; 
* an event has outcomes; 
* the outcomes of an event can be predicted from 
the preceding happenings which leads to the event 
being anticipated; 
* preceding happenings, event and outcomes together 
15 
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constitute meaning for an event; 
I * wheth~r events are perceived a~ ~eing similar or 
different will depend on whether the preceding 
events and outcomes are perceived as similar or 
different. 
It is through events that we confirm our predictions and construe 
meanings (Kelly in Millon,1973,p.210). However, as the same event 
may have different meanings, the same event may confirm different 
constructions. Different and even incompatible events may confirm 
the same construction. Meaning therefore assumes the ''shape of 
the argument which led him ·to his predictions'' (Kelly in Millon, 
1973,p.210), i.e. meaning is given by the line of reasoning.used 
to lead to the prediction. The only outside check we have for our 
constructions are events which confirm or do not confirm our 
predictions or expectations. Kelly comments on this view of 
meaning as follows: 
"This is a long way from saying that meaning is revealed 
by what happens~ or that meaning ·is something to be 
discovered in the natural course of events~ or that 
events shape men and ideas. Thus in constructive 
alternativism events are crucial~ but only man can devise 
meaning for them to challenge." (Kelly in 
Millon,1973,p.210) 
It follows from this view of meanings of events that if a 
particular construction successfully predicts the outcome of a 
particular event that it need not necessarily be a good 
construction of reality as: 
16 
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(i) a different interpretation of events may have lead to an 
equally successful prediction; 
(ii) our expectations may have influenced our perception of 
what actually happened. 
So, although events may be in agreement with a construction we 
cannot be sure that they have- proved the construction to be true 
as there are always other 
may be better. All that 
alternate constructions, some of which 
can be done is to "project our 
anticipations with frank uncertainty and observe the outcomes in 
terms in which we have a bit more. confidence." (Kelly in 
Millon,1973,p.210). It is important to realise that the 
importance of events and their perceived meanings lie in the fact 
that they are the only means we have of checking our 
constructions of reality. 
(v) The nature of constructs: 
To describe any individual we need to know ~hat he is like, ho~ 
did he get to be like that and ~hy does he behave like he does 
(Pervin,1970,p.57.). To answer the "what is he like" question, 
Kelly, in describing "man the scientist" uses the concept of the 
"construct". "A construct is a concept the individual uses to 
categorise events and to 
(Pervin,1970,p.341) According 
construing or interpreting 
chart a course of 
to Kelly we anticipate 




e~ents and interpret them, placing a structure and meaning on 
such events. While we are experiencing events we notice that some 
events share common characteristics which distinguish them from 
other events. We notice similarities and contrasts amongst 
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events. This is important as this construing of a similarity and 
contrast pole leads to the formation of a construct 
(Pervin,1970,p.341.). Without constructs life would be chaotic. 
No two events are ever exactly the same and we make abstractions 
by construing events as being similar to each other and as being 
different from other events. In doing so, we develop a construct 
and impose some order and regularity on the world. Constructs are 
not: 
"essences distilled by the mind out of available reality. 
They are imposed upon events and not abstracted from 
them. There is only one place they come from : that is 
from the person who is to use them. He devises them. 
Moreover~ they do not stand for anything~ or represent 
anything, as a symbol~ for example~ is supposed to do." 
(Kelly in Millon,1973, p.213.) 
Now, knowing what constructs are not, let us see what they ~re. 
Kelly sees them as reference axes, not unlike Cartesian axes in 
mathematics, upon which we may project events in an effort to 
make sense out of them. They act as guidelines for locating 
events, including ones which have not yet occurred. They help us 
to locate events, understand them and anticipate them.(Kelly in 
Millon,1973,p.213.). However, while Cartesian axes have an 
infinite number of points, constructs only have two. "A construct 
is the basic contrast between two groups" (Kelly in Millon, 
1973,p.213) A construct has a similarity pole and a contrast 
pole. At least three elements are necessary to form a construct; 
two must be perceived as similar to each other and one as 
different from these two. The way in which the two elements are 
18 
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construed to be similar form the similarity pole of the 
construct. The way in which they are different from the third 
element forms the contrast pole of the 
construct.(Pervin,1970,p.341.) Constructs therefore refer to the 
nature of the distinction one attempts to make between 
events.(Kelly in Millon,1973,p.213.) There is not an infinite 
number of points between the similarity and contrast poles but 
subtleties and refinements in the construct are made by using the 
constructs of quantity ( nothing- a lot) and quality (good-bad). 
In this way, for instance, the the construct black - white in 
combination with a quantity construct can lead to a new scale of: 
black, slightly black, slightly white and 
white.(Pervin,1970,p.341.) 
Constructs allow us to discriminate between events and by 
successive application to two events at a time, events can be 
placed on a scale. The construct itself however, is absolute. It 
may change with time, may not be accurate, but it must be 
absolute.(Kelly in Millon,1973,p.214.) 
The same construct may be applied to a number of different events 
with varying degrees of success. The events to which its 
application appears to be the most useful are called the range of 
convenience of the construct. Within the range of convenience of 
the construct there are some events to which the construct~ when 
applied, has the maximum usefulness. These events form the focus 
of convenience of the construct. 
We can categorise constructs in a number of ways. For instance: 
(a) core constructs - constructs which are basic to 
19 
Chapter 1 Introduction 
a person's functioning; 
(b) peripheral constructs - constructs 







(c) permeable constructs - constructs which admit newly 
conceived elements irito their range of convenience; 
(d) impermeable constructs - constructs which lead to the 
rejection of new elements; 
(e) tight constructs - constructs which lead to unvarying 
predictions; 
(f) loose constructs constructs which lead the 
individual to expect a different set of outcomes 
under similar conditions; 
(g) verbal constructs - constructs which have consistent 
word symbols associated with them; 
(h) pre-verbal constructs - constructs which have no word 
symbol associated with them. They might have been 
learnt before the development of language. 
The constructs used by a person for interpreting and anticipating 
events ar~ organised as part of a system. Within this system the 
constructs are organized into groups in order to minimize 
incompatibilities and inconsistencies. The arrangement· is 
hierarchical. A superordinate construct includes other constructs 
within its context whil~ a subordinate construct is one which is 
included in the context of the superordinate one. Constructs may 
be superordinate in some part of the system and subordinate in 
other parts of the system. (Pervin, 1970,pp.341- 343.) 
20 
Chapter 1 Introduction_ Constructivism 
People differ in the organization of their constructs. An 
individual's construct system defines his personality. His 
construct system is his personality. We employ constructs to 
interpret our world and to anticipate events. Two people are 
similar because they use similar construct systems. To understand 
someone, one has to know something about the constructs which he 
or she uses, the events included under these constructs, the way 
in which the constructs tend to function and the way in which 
they are organised 
People belong to 
in relation to one another ·to form a system. 
the same cultural group because.they share 
certain ways of construing events and because they share the same 
kinds of expectations about certain kinds of behaviour. (Pervin, 
1970, p.343.) 
(vi) Process in Personal Construct Theory: 
Process in personality theory tries to answer the questions: 
* Why does someone behave as he does ? 
* What drives his behaviour ? 
As mentioned earlier (p.7) Kelly sees humans as psychologically 
active. We do not have to be prodded into action. The direction 
in which our actions will take us is stated in his basic 
postulate, namely: 
"A person's processes are psychologically channelized by 
the filays in filhich he anticipates events." (Kelly in 
Millon,1973,p.210) 
This postulate implies that we: 
"seek prediction, anticipate events, reach out to the 
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future through the windows of the present. In 
experiencing events~ the individual observes similarities 
and contrasts thereby developing constructs. On the basis 
of these constructs the individual~ like the scientist 
that he is~ anticipates the future. As he successively 
construes the replication of events~ he successively 
modifies his constructs in the service of more accurate 
and efficient prediction of his environment. Constructs 
are tested in terms of their predictive efficiency." 
(Pervin,1970,p.350.) 
The direction of behaviour is determined by the fact that: 
"A person chooses for himself that alternative in a 
dichotomized construct through which he anticipates the 
greatest possibi 1 i ty of extension of his system. " (Kelly 
in Millon,1973,p.214.) 
Man selects the course of behaviour which.he believes will offer 
the greatest opportunity for anticipating future events. While 
real scientists try to develop better theories, ordinary people 
try to develop better construct systems. 
Personal Construct Theory can be viewed as consisting of a basic 
postulate and some eleven corollaries, some of which are set out 
below in an attempt to give some idea of its structure. 
Basic postulate: A person's processes are psychologically 
channelized by the ways in which he anticipates events. 
1. Construction corollary: A person anticipates events by 
construing their replications. 
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2. Individual corollary: Persons differ from each other in their 






in anticipating events, a 
construct system embracing 
constructs. 
ordinal relationships between 
4 ·. Dichotomy corollary: A person's construct system is composed 
of a finite number of dichotomous constructs. 
5. Choice corollary: 
alternative in a 
A~ person chooses 
dichotomized construct 
for himself that 
through which he 
anticipates the greater possibility for elaboration of his 
system. Note that the choice is between alternatives expressed 
in the construct and not between objects divided by the 
construct. A construct governs what man does. When we make a 
choice we align ourselves in terms of our constructs. 
6. Experience corollary: A person's construct system varies as he 
successively construes the replication of events. The 
construct may be applied to a different part of the 
environment (Kelly uses 
slightly different kind 
other constructs may be 
-216.) 
the term"galaxy") or it may become a 
of distinction or its relations to 
altered. (Kelly in Millon,1973,pp.210 
(vii) Growth and development: 
Kelly is not explicit about the origin of the systems of 
constructs. Constructs are derived from construing the 
replication of events, but Kelly makes no effort to elaborate on 
the kind of events that would lead to the different kind of 
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construct, e.g. tight constructs or permeable constructs. Pervin 
is of the opinion that children who experience the opportunity to 
examine many different events and have many different experiences 











question of which factors determine the content of construct 
systems is of critical importance to Pervin. He feels that this 
is particularly so in education since part of education appears 
to be the development of complex, flexible and adaptive construct 
systems.(Pervin, 1970, p.354.) 
(viii) Change in constructs and construct systems: 
Kelly sees three conditions as favourable to construct change: 
1. There must be an air of experimentation. Constructs 
must be seen as being tried on for size; these becqme 
the hypotheses which lead to further experimentation 
and reconsideration on the basis of experimental 
evidence. 
2. The provision of new elements. New elements unbound by 
old constructs should be recognised and confronted. 
3. The availability of validating data. The knowledge of 
results facilitates learning. New elements introduced 
and attempted by old constructs will lead to 
invalidation of the construct system~ This leads to 
new hypotheses being formed for which validating data 
must be available if-experimentation is to be checked. 
(Pervin~1970,p.360). 
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Kelly's ideas about change must be seen in their proper place, 
namely in treating clients in psychotherapy. His is not 
essentially an educational theory .. However, it is extremely 
useful to the science educator because as we will point out later 
on, Science is in 1tself a creation of the human mind as far as 
the concepts and ideas used by scientists are concerned 
(Driver,1986). Furthermore, Science can be viewed as a riarefully 
checked construction of the real world. It is also the opinion of 
many researchers in learning in science that when 6hildren 
interact with their physical environment, they develop construct 
systems that are useful in predicting the outcomes of events 
(Claxton, Driver, Hewson, Osborne, Bell, Gilbert). Just as the 
observations by Scientists about certain phenomena are effected 
by the theory which they are working within, the observations as 
well as the sense made of their observations by children will 
depend on the construct system which they have developed to deal 
with their physical world. 
2. The application of Personal Construct Theory to learning in 
Science: 
(i) The constructivist view of Science: 
Kelly was of the firm opinion that there is no objective, 
absolute truth and that events only have meaning depending on the 
way in which they are construed by the individual. The 
constructivist view of Science is that far from Science being 






as electrons, quarks, 
part of our sense 
impressions and are in fact not even abstracted from the "real" 
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world. Most recent philosophers of Science reject the notion of 
the existence of an objective base of observations against which 
theory can be checked. (Driver and Oldham,1986.) The dominant 
view is that while we may assume the existence of an external 
world, we do not have direct access to it. Science is not so much 
a discovery as a carefully checked construction. The task of 
Science is to invent theories which aim to represent the world. 
This point of view is very much in line with that of Kelly who 
thought that the role of Science was not to discover truth, but 
to develop construct systems that are useful in anticipating 
(predicting) events (Pervin,1970,p.337.). Driver (1986) quotes 
Einstein and Infeld as follows: 
"Science is not just a collection of laws~ a catalogue of 
facts. It is the creation of the human mind with its 
freely invented ideas and concepts. Physical theories try 
to form a picture of reality and to establish its 
connections with the wide world of sense impressions." 
While Einstein and Infeld clearly distinguish bet.ween the world 
of ideas and concepts of the Scientist and the world of sense 
impressions, Popper in fact discerns three worlds: 
* the world of sense impression; 
* the individual's constructions of the world; 
* the public world of the scientists' shared 
constructions as documented in books and research 
reports. (Driver,1986.) 
According to Koestler (in Pope and Gilbert,1983.} theorizing in 
Science is highlY personal and highly emotional. It is a myth 
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that scientists' reasoning is 
the sensuous and original 
strictly logical and "lacking in 
quality of poetic imagination". 
Concepts and theories do not follow from observation in a simple 
inductivist way. Head and Sutton (in Pope and Gilbert,l983) liken 
the construct system to a mosaic which changes with time. 
Affective factors integrate with cognitive factors in the 
person s attempts to make sense out of experience. We see in 
events occurring in nature only what the concepts which we use to 
interpret these events allow us to see. (Novak,1978.) It is 
concepts, not the methods of inquiry, that are at the core of 
rational human thought, including the rational basis of science 
and mathematics.(Kuhn and Toulmin in Novak,1978.) 
(ii) The constructivist yiew of the learner: 
Very much in line with Kelly's idea of constructive 
alternativism, the learner is seen as having the following 
characteristics: 
* He lives in a world which is real. 
* All his observations are theory-laden. 
* He uses personally appealing explanatory hypotheses 
to cope with events in his environment. 
* He tests these hypotheses through interaction with 
reality against personally appealing criteria. 
* Reality provides him with guidance as to the adequacy 
of the hypothesis tested 
* When he judges hypotheses 
inadequate, either the 
criteria are modified 
which he has tested 
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Swift,1985.) 
Hewson (1980) stresses the active role of the learner in the 
construction of his own personalized knowledge as opposed to the 
view that the learner is the passive recipient of collected 
wisdom. According to Hewson, there are two assumptions about 
human . thought and behaviour which underlie the constructivist 
view of the learner: 
1. The knowledge which he already possesses is of 
critical importance in his- attempts to make sense of 
his experiences. His observations are theory-laden. 
2. He strives to make sense of the natural world. 










undifferentiated and incessant flow of information 
they receive. They look for structure in the world 
around them~ and attempt to construct conceptions of 
these experiences. These conceptions~ these models~ 
these theories are attempts by individuals to 
provide an explanation of the meaning and purposes 
of their perceived world" (Hewson,1980) 
(iii) The constructivist view of learning: 
Learning, according to Hewson,(1980) is a constructive activity 
which involves the interaction of the learner's existing 
knowledge, beliefs and skills with the ideas presented resulting 
in a synthesis of old and new which leaves neither unchanged. The 
learner's existing knowledge consists of organised units or 
conceptions which contain a wide variety of bits of information 
interrelated with one another to form an organised structure and 
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the appropriate procedures for using this structure. These 
conceptions can be used to make sense out of a new situation or 
phenomenon, construct another conception which is more 
appropriate to the new situation, solve a problem or tackle 
.another task. Each individual's knowledge is unique, though not 
infinitely diverse.(Hewson,1980) It is important to appreciate 
that the sense made out of any event is dependent not only on the 
situation itself but also on the individual's intentions, 
beliefs, emotions and prior knowledge. (Driver and Oldham, 1986.) 
The learner is active in that he has to continually construct 
new meaning as he interacts with the material to be learnt. 
Driver and Bell (1986) present a constructivist view of learning 
as follows: 
1. Learning outcomes depend not only on the learning 
environment but also on the knowledge of the learner. 
2. Learning involves the construction of meanings. 
Meanings constructed by the learners from what they 
see or hear may not be those intended by the teacher. 
Construction of meaning is influenced to a large 
extent by learners' existing knowledge~ 
3. The construction of meaning is a continuous and active 
process. 
4. Meanings, once constructed, are evaluated and can be 
accepted or rejected. 
5. Learners have the final responsibility for their 
learning. 
6. There are patterns in the types of meanings learners 
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construct due to shared experiences with the physical 
world and through natural language. 
(iv) A constructivist model of learning: 
The constructivist tradition contends that individuals constantly 
strive to erect knowledge structures which will enable them. to 
act on, predict, describe and explain their envi~onment.(Osborne 
and Wittrock, 1985.) For Wittrock, learning with understanding 
can only occur if learners themselves actively construct or' 
generate meaning from sensory input. This proposition is central 
to his model. In this he complements the ideas of Kelly.(Osborne 
and Freyberg,1985,p.83.) In collaboration with Osborne, Wittrock 
has developed a model of learning called ''The Generative Learning 
Model" (Osborne and Wittrock,1983.). According to Hewson and 
Hewson (in Osborne and Wittrock,1985) this model is central to 
the constructivist tradition. 
The fundamental premise of generative learning is that people 
tend to generate perceptions and meanings that are consistent 
with their prior learning. These perceptions and meanings are 
something additional both to the stimuli and the learner's 
existing knowledge. To construct meaning requires effort on the 
part of the learner as links must be generated between stimuli 
and stored information. (Osborne and Wittrock, 1985.) The brain 
is not a passive consumer of information. It actively constructs 
its own interpretations of information and draws inferences from 
them. It ignores some information and selectively attends to 
other information. It is more than a blank slate which passively 
records incoming information. The stored memories and information 
processing strategies of the brain interact with the sensory 
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information received from the environment to actively select and 
attend to the information and to construct meaning.(Osborne and 
Wittrock,1983) The generation of meaning is a fundamental 
cognitive process in comprehension. Meaning has to be actively 
constructed by the learner. This he does by inventing a model or 
explanation that organises the information selected from the 
experience being attended to in such a way that it makes sense to 
him, fits his logic, his real world experience or both. People 
retrieve information from long-term memo~y and use their 
information processing strategies to generate meaning from the 
incoming information, to organize it, code it and to store it in 
long-term memory.(Osborne and Wittrock,1983.) 
The generative learning model, then, is concerned with the 
influence of existing ideas from which sensory input will be 
selected and given attention, the links that are generated 
between stimuli and aspects of the memory store, the 
construction of mean~ng from sensory inputs and the information 
retrieved from long-term memory, the evaluation and possible 
subsumption of the constructed meanings.(Osborne and 
Wittrock,1985.) 
The key postulates of the model are: 
1. The learner's existing ideas will influence what use 
is made of the senses and in this way the brain can be 
said to actively select sensory input. 
2. The learner's existing ideas will influence what 
sensory input is attended to and what is ignored. 
3. The input selected or attended to by the learner has 
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of itself no inherent meaning. St~tements have meaning 
·only to the person who makes them. The sounds which he 
uses to convey the idea have no meaning in 
themselves. 
4. The learner generates links between the input selected 
and attended to and parts of memory store. 
5. The learner uses the links ~enerated and the sensory 
input to actively construct meaning. 
6. The learner may test the constructed meaning against 
other aspects of memory store and against meanings 
constructed as a result of other sensory input. This 
involves the generating of links to aspects of memory 
store and the comparison of the newly constructed 
meaning with other related ideas that can be 
constructed from memory store. Is the newly 
constructed meaning compatible with prior 
constructions? 
7. The learner may include (subsume) constructions into 
memory store. If the newly constructed meaning makes 
sense in terms of its evaluation with other aspects 
of memory store, it may become incorporated into 
memory and in so doing may influence and possibly 
alter the memory store. The greater the number of 
links generated to·other aspects of memory store and 
the greater the.number of these links that reaffirm 
that a useful constructed meaning has been made, the 
more likely it is that the idea will be remembered and 
make sense to the learner. 
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8. The need to generate links and to actively construct, 
test out and subsume meanings requires individuals to 
accept a major responsibility for their own learning. 
All the activities involved in learning with 
understanding require that the individual makes an 
active intellectual effort. (Osborne and 
Wittrock,1985.) 
As far as instruction is concerned it is clear that the 
generative model places central importance on the memories, prior 
knowledge and experience which pupils bring with them to the 
learning experience. It stresses the active involvement of the 
learner in his or her own learning. In terms of the model, 
teaching can only be understood by knowing the generations it 
induces in the learner. (Osborne and Wittrock, 1983.) 
(v) A constructivist view of concept change: 
There are three important ideas about learning in the 
constructivist tradition: 
1. People strive to make sense of the natural world. 
2. The knowledge which the learner possesses is of 
critical importance in his or her attempts to make 
sense of his or her experience. 
3. Different people may construct different or alternate 
conceptions from the same information (and may insi~t 
that theirs is the only sensible one.) (Hewson,1981.) 
When an individual learns, there-is an interaction betweeri 
existing ideas, new ideas and the information presented to him. 
This interaction produces a synthesis of old and new so that both 
33 
Chapter 1 Introduction Constructivism. 
become changed. (Hewson,1981.) Thus learning can be seen as a 
process of conceptual change during which: 
1. the old concept must be discarded; 
2. a new conception must be accepted; 
3. a conflict between the old conception, other beliefs 
and past experience must be resolved; 
4. the new conception must become available to interpret 
new experiences at the~appropriate moment in the 
future.(Hashweh,1986.) 
Conceptual change may take place in at least one of the following 
three ways: 
1. New conceptions may be added through the individual's 
further experience, development and contact with other 
people. 
2. Existing concepts may become reorganised as a result 
of exposure to a new idea or as the result of thought 
processes. Posner et al (1982) refer to these two 
processes as assimilation. 
3. Existing concepts may be rejected as a result of some 
reorganization or . because they are conceptual 
displaced by a new concept. This Posner et al call 
accommodation. 
After careful consideration of a number of models of conceptual 
change, Hashweh (1986) considers .the model of Posner et al to be 
the best developed. This model was developed by drawing on the 
work of philosophers of science, especially Kuhn, Lakatos and 
Toulmin, on the ways in which concepts change in Science. The 
basic postulate of the model developed by Posner et al (1982) is 
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that learning is a rational 
comprehended because they are 
Judgement is made on the 
activity. Ideas are accepted and 
seen as intelligible and rational. 
basis of available evidence which 
includes the learner's current concepts. These current concepts 
guide and organise his or her investigation into a new 
phenomenon. Posner et al stress that they cannot agree with the 
empiricist view that the mind is a blank tablet upon which 
experience writes. Without existing concepts, they suggest, it 
would be impossible for the learner to ask any question about the 
new phenomenon, to know what would count as an answer to the 
question, or to distinguish relevant from irrelevant features of 
the phenomenon. Concepts do not exist in isolation. They are a 
part of a conceptual ecology. The intellectual environment in 
which a person· lives, i.e. his cultural beliefs, language, 
accepted theories, observed facts and events, determine which 
concepts will be inhibited and which will develop. This is not 
unlike the process of natural selection in biology. 
(Hewson,1985) The intellectual environment is seen as an 
ecological niche and conceptual ecology is seen as the dynamic 
interaction between a person's knowledge structure and the 
intellectual environment in which he or she lives. 
To facilitate a radical conceptual change a conceptual ecology 
must contain the following: 
1. Anomalies: The character of the specific failures of a 
given idea is an important part of the 
ecology which selects its successor. 
2. Analogies and metaphors: These serve to suggest new 
ideas and to make them 
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intelligible. 
3. Epistemological commitments: 
(i) Explanatory ideals: Most fields have some subject 
I 
matter-specific views concerning 
what counts as a successful 
explanation in that field. 
(ii) General views about the nature of knowledge: 
standards such as elegance,. parsimony, economy 
and not being ad hoc. These .ideas do not depend 
upon which subject the person is working in. 
4. Hetaphysical beliefs and concepts: 
(i) Metaphysical beliefs about science: beliefs ~bout 
the extent of orderliness and symmetry of the 
Universe; beliefs about the relation between 
science and commonplace experience. 
(ii) Metaphysical concepts of science: Scientific 
concepts often have a metaphysical quality in 
that they are beliefs about the ultimate nature 
of the Universe and as such cannot be refuted 
empirically. 
5. Other knowledge: 
(i) Knowledge from other fields. 
(ii) Competing concepts. The concept 
selected must have more promise 
than its competitors. (Posner et 
al,1982) 
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According to Posner et al, con~eptual change or 
occur if the following conditions are .met: 
exchange will 
1. There must be dissatisfaction with the existing 
may not be able to 
2. 
conceptions. The existing concept 
be reconciled with new knowledge or a new experience 
which cannot be ignored. It is also possible that the 
dissatisfaction may occu~ from within the concept 
itself if it is seen to violate some epistemological 
commitment, e.g. if it is clumsy or unnecessarily 
complicated. (Hewson;1981) 
The new conception must be 
has to be able to 
intelligible. The person 
construct a coherent 
representation of the new conbept. The person has to 
see that it is internally consistent. 
3. The new conception must be initially plausible. It 
must appear to have. the capacity to solve problems 
generated by its predecessors. Is it consistent with 
other ideas? 
4. The new concept must be fruitful. The new concept may 
remove anomalies experienced by its predecessor or it 
may suggest new experiments or approaches. Advantage 
must be gained, unsolved problems solved and 
understanding increased. 
When a person who has a concept ~bout a certain phenomenon is 
faced with a new concept relating to it , then the following may 
happen to the new concept: 
1. It may be rejected. 
2. It may be incorporated into the existing conceptual 
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network by.: (i) rote memorization; 
(ii) replacing the old concept and being 
reconciled with remaining concepts. 
Hewson refers to this process as 
"conceptual exchange"(Hewson,1981). 
(iii) being reconciled with the existing 
conceptions by the process of 
"conceptual capture". This happens 
when the person notices significant 
links between the two concepts, 
notices that the concepts do not 
contradict each other and that they 
are part of the same integrated set 
of ideas. (Hewson, 1981. ) 
(vi) The application of Personal Construct Theory to learning in 
Science: 
Claxton (1985), has adapted Kelly's personality theory to 
learning in Science. He is of the opinion that the difficulties 
/ 
which children have in learning science and that teachers have in 
teaching science can be found in the the following "basic 
assumptions''. Some of these assumptions can be supported by 
research and some are matters of intuition and 
conviction.(Claxton,1985.) 
1. Children know a lot of science. This can be 
substantiated by research which show that children do 
not enter the classroom without any ideas or 
intuitions about many scientific topics. These ideas 
are not always in agreement with the ideas of 
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accepted science. 
2. Children are scientists. Children have theories which 
underlie and produce . their ideas of the world. 
Understanding is not acquired in parrot fashion but 
arises from a more or less consistent framework of 
ideas which has been built up over a long time. 
3. Children are not consistent scientists. Children do 
not possess one grand theory, but rather a host of 
what Claxton calls "mini-theories", some of which are 
inconsistent with one another. The theory which they 
use depends on the circumstances and changing the 
circumstances will often have them change their 
opinions without noticing any conflict. 
4. Mini-theories have a focus of convenience and a range 
of convenience. Initially a mini-theory starts out as 
an attempt to explain or make sense of a particular 
kind of experience (the focus of convenience) but 
later it becomes expanded to include other kinds of 
experience to which it is successfully applied. This 
developed domain of the mini-theory is called its 
range of convenience. 
5. All knowledge 
convenience. No 
and skills possess a range of 
cognitive mechanism such as skills, 
abilities, etc are context-free. Claxton argues that 
all cognitive mechanisms and representations are 
context-specific i.e. are useful in certain 
situations only, are evoked by those situations and 
are used to explain those situations. 
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6. When existing theories are inadequate, we learn. The 
failure of a theory is a powerful stimulus for its 
development. Children possess a number of learnt 
strategies to cope with theory failure. 






commitment to· our 
to discard some 
theories readily while others we cling to very 
dearly. Lakatos would call the theories which we hold 
dearly the "central core". They are very resistant to 
change as they determine how we view the world. The 
level of commitment to a mini~theory is crucial in 
determining how we will respond to its 
disconfirmation. 
Mini-theories are seen by Claxton as being similar though more 
general than Kelly's constructs. 
Our dealings with the world, and in this case with the 
biological and 
mediated by a 
physical worlds in 
theory which has 
particular, are guided or 
arisen partly from direct 
experience with the world and 
our actions, expectations and 
partly from informal learning. All 
explanations arise out of 
taken which were based 
such 
on the theories. The results of actions 
theories form the experimental data upon which the theories grow 
and feed. Initially mini-theories are b6rn to make sense out of a 
particular experience or event. This experience or event is the 
focus of convenience of the theory. Later it may be found that 
the same theory may be used to successfully predict other events 
and so gradually the domain of the theory expands and its range 
of convenience grows. We discover the situations in which the 
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theory works well and in so doing we refine its boundaries. Much 
of the young child's learning is of this kind. (Claxton;1985.) 
According to Claxton each mini-theory will contain: 
1. specifications of the situations to which it applies 
( s); 
2. predictions about the situation (P); 
3. actions to be taken in the situation (A); 
4. descriptions of the situation (D); 
5. explanations relevant to the situation (E). ("SPADE") 
The theory tells us what is likely to happen 
happening now. It tells us what to do on 
predictions in order to bring about one state 
next given what is 
the basis of the 
of affairs rather 
than another. It tells us how to divert the flow of events in our 
own interest. (Claxton,1985) The SPA bit operates best in an 
unconscious, unarticulated, spontaneous and intuitive way. There 
is no need to understand it. Once.a child can talk he can bring 
into consciousness the set of descriptions and explanations 
associated with a particular theory operating within a particular 
domain of his experiences. The domain of experience may be fixed 
and invariant, such as the experience "going.to bed", or variable 
such as a day at the beach". The first kind of experience will 
lead to the development of rigid theories while the latter will 
lead to the development of more general-purpose mini-theories. 
Claxton sees mini-theories applicable to science as originating 
in: 
* early childhood experiences; 
* the everyday use of language; 
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* learning in school. 
He refers to these . different domains as the domains of GUT 
SCIENCE, LAY SCIENCE and SCHOOL SCIENCE. 
(a) Gut Science: 
The domain of gut science is the child's world of immediate 
experience. Its foundations are laid in the first years of life 
and derives from the child's first-hand explorations of and 
interactions with his physical and biological environments. He 
drops things, rolls things, plays with the dog or cat etc. Gut 
science becomes part of the child, it manifests itself in his 
spontaneous reactions, intuitive judgements and everyday 
perceptions. It is tested against the criterion of whether it 
works and is useful. Claxton sees the sensorimotor child as a. 
lively and intelligent scientist - albeit an intuitive one. He 
formulates hypotheses, notes the consequence of his behaviours, 
and modifies the content and scope of his theories. 
Gut science is characterised by the fact that most of it is 
incoherent; consists of many theories, each with its own domain~ 
and has very little concern with the integration of and 
consistency between domains. Much of it is inarticulate, not 
available to consciousness and incapable of being expressed. The 
descriptions and explanations of gut science are .tied closely 
with the child's experiences. Gut explanations often boil down 
to "because I know it" - not intellectually but experientially. 
(b) Lay science: 
Lay science has its origin in the form. and content of the 
language that a child grows up to speak and in the accounts and 
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images of experiences conveyed to him by peers, parents and the 
media. In other words, it originates in his culture. The 
structure of his language in subtle ways determines whether to 
him the world is a cause-and-effect place or whether cause and 
effect are the same. Common cultural wisdom may lead to the idea 
that water drains clockwise in the northern hemisphere and 
anti-clockwise in the southern hemisphere whether or not this is 
in fact true. Because of the nature of its origin, lay science is 
not based on the child's direct experience. It is accepted 
passively from people whom the child trusts. With time these 
ideas may become so much part of his world view that he is not 
even aware that they are there. This makes lay science 
particularly difficult to change. 
Lay science 
child sees. 
may also originate visually i.e. through what the 
Television, science fiction films and comic books 
all lead· to an immense store of knowledge, beliefs and fantasy 
which the child cannot if confused, test directly but which give 
him points to argue and converse about. Some lay science may be 
evaluated with respect to its utility but mostly its function is 
to be entertaining and to allow successful conversation with 
parents and peers. As such, most lay science can be articulated 
but, like gut science, is incoherent and piecemeal .. Children do, 
however, improve the coherence and acceptability of their lay 
science through discussion with friends and parents. 
(c) School science: 
Claxton asserts that initially school science applies to a world 
of make-believe in so far as it deals with lines of no width, 
frictionless pulleys, weightless ropes, etc. Eventually this 
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world becomes the "ideal" world. The child is confronted with a 
world which is far removed from his real world, a world where his 
experiences are not to be trusted. He has to accept knowledge 
because he is told that it is right or true in spite of the 
results of his own experience. The knowledge he receives is 
carefully articulated, conscious, orderly, coherent and 
deliberately transmitted and received. 
(d) The interaction between gut and· lay science: 
When a child is confronted with new knowledge at school this 
knowledge is confronted by the already existing stock of theories 
which he has in his gut and lay science domains. Gut science is 
purely experiential. Lay science originates in his language and 
in the socially transmitted and frequently wrong and inaccurate 
scientific explanations which he picks up from his elders and 
other people whom he trusts, as well as through exposure to the 
media. Many of the mini-theories of gut and lay science address 
the same event without the individual being aware of it. Quite· 
often the theories may actually be in conflict with each other in 
that the action produced by gut science and the explanation 
produced by lay science are in conflict. The resolutipn of 
conflict between his experiential knowledge and his socially 
derived knowledge is an important developmental enquiry, 
especially when it is realised ·that the knowledge . presented at 
school will be " screened" by the existing theories. 
The conflict between theories may be resolved in a number of ways 
once it has become apparent. As a result of investigation: 
* th~ conflicting theories may become integrated into one 
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theory; 
* the one theory may become part of the other; 
* a new theory may be separated to deal with the area of 
conflict; 
* it may be realised 
misplaced and as a 
relocated. 
that one of 
result this 
the theories is 
theory is then 
The outcome of any of these 
is improved. However, it 
ploys is that the system of theories 
is also possible. that conflict 
r~solution does not occur at all because the child does not like 
giving up a particular theory. Ways of denying that conflict 
exists are found in various defensive mechanisms~ He may not want 
to investigate the conflict or actually feel a need to 
investigate areas of conflict. It is also possible that it is 
threatening to him to give up a particular theory as he feels 
strongly identified with it himself. In a sense giving up the 
theory is giving up part of· himself. In such a case learning 
becomes a threat to the child, to his knowledge structure and to 
his social stability. The child may opt to ignore the conflict or 
to relocate the one theory by rewriting the situation 
specifications i.e. "When do I use this theory"? In this way 
children will respond quite differently to a science problem 
given to them in a classroom situation than they will if the same 
problem is presented to them at home or at play with their 
friends. They have in effect insulated school science from their 
gut and lay science theories. 
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(vii) The imQlications of a constructivist approach to science 
teaching: 
Earlier in this chapter evidence was presented which suggests 
that children have their own ideas about science topics which are 
taught at school. These ideas are often not the same as those we 
wish to teach and these ideas act as a screening device in that 
the new information given to the children is compared with the 
existing information about the situation under discussion .. This 
interaction between existing knowledge of the child and the new 
knowledge presented to him-resurts in some unexpected outcomes. 
Gilbe~t et al (1982), have identified the various possible 
outcomes as follows: 
1. The new view is rejected but some of the language 
used to introduce it may become part of the 
child's way of expressing his own ideas. 
2. The new view is rejected but becomes 
compartmentalized as the child knows that. it is 
useful for passing examinations. The new 
information has little or no effect on his actual 
view of the world. 
3. The new information is misinterpreted as a result 
of the existing knowledge and is now seen as 
actually reinforcing his own ideas. 
4. The scientific idea is learnt, understood and 
appreciated by the learner but not properly 
integrated; the result. is that some of it may be 
self-contradictory. 
5. The new idea is accepted and properly integrated 
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with the rest of his concepts. The child's view of 
the world has now changed in a consistent way. 
An aim of science teaching is to replace the ideas of the 
children with ideas accepted in science. Learning involves the 
changing of concepts and teaching should provide a rational basis 
for conceptual change. (Posner et al,(1982.) The ideas discussed 
under the model of conceptual change therefore apply in the 
teaching situation. This means that: 
1. The child must be dissatisfied with his existing 
conceptions. 
2. A new conception must be introduced and seen to be 
intelligible, plausible and fruitful. 
Nussbaum and Novick, (1982) have developed a teaching strategy 
which is based on Posner et al's model of conceptual change. 
They propose the following steps in using their strat~gy in the 
classroom: 
1. (a) Create an "exposing event" which requires the 
pupils to invoke their alternate conceptions or 
mini-theories to interpret it. 
(b) Encourage the pupils to describe their ideas both 
verbally and pictorially. 
(c) Assist pupils in stating their ideas clearly and. 
concisely, thereby making them aware of the 
elements in their 
mini-theory. 
own alternate framework or 
(d) Encourage confrontation in which pupils debate the 
pros and cons of their different ideas and increase 
their awareness and understanding of the 
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differences between their own frameworks and those 
of their classmates. 
2. Create a "discrepant event", i.e. one which creates 
conflict between exposed alternate ideas and some 
observed phenomenon which they cannot explain. 
3. Support their search for a solution, encourage them 
to test their ideas against expe~imental evidence 
and encourage emerging accommodation. Encourage 
pupils to articulate and elaborate the desired 
conception when 
Novick,1982.) 
it is proposed.(Nussbaum and 
It is clear that central to this teaching strategy is the idea of 
conceptual conflict. Claxton is of the opinion that conceptual 
conflict is quite easy to avoid as the mini-theories in conflict 
may be in ditferent domains, e.g. one may be located in gut 
science and the other in lay science. 
For conceptual conflict to .occur and for the successful 
accommodation of the new idea, he stresses that the following 
conditions must be met: 
1. The two conflicting mini-theories must cover the same 
event but belong to different domains 
2. They must be simultaneously active. 
3. They must generate conflicting predictions, actions 
and explanations 
4. The conflict must be perceived and recognised by the 
learner. 
5 The learner must feel a need to resolve the conflict. 
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6. Appropriate learning strategies must be engaged. 
7. Defensive strategies must be avoided. 
; 
8 A satisfactory resolution to the conflict must be 
found. 
It is quite clear that the strategy proposed by Nussbaum and 
Novick includes many of Claxton's requirements. However, Claxton 
is at pains to stress that it may not be easy to produce the 
desired conflict between conflicting mini~theories as they are 
very context-dependent and that the one which is used to deal 
with a particular situation may not be the one which is evoked by 
a very similar situation if the context is seen as being 
different. This of course makes the selection of situations to 
explain, introduce or exemplify a concept rather difficult. 
The generative learning model stresses that the existing ideas 
of a lea~ner interact with incoming sensory information in such a 
way that he selects from the information only that which will 
make sense of the situation in terms of his existing knowledge. 
If this is true then it follows that: 
1. the metaphors and analogies used in teaching may not 
have the expected effects. (Claxton, 1985. ) The 
everyday use of language interferes with the 
acquisition of new technical terms. 
2. the observations made during practical work and the 
inferences drawn from these observations may not at 
all be the ones which the practical was designed for. 
Driver, (1981) is of the opinion that much more time 
must be spent by pupils and teachers to think and talk 
through the implications and possible explanations of 
49 
Chapter 1 Introduction Constructivism 
the observations which they have made during an 
experiment. The laboratory is an amazing place for 
beginners in science and they should be given time to 
familiarise themselves with the apparatus, sights, 
sounds and smells which are generated by their 
experimenti The attention of the children should be 
guided during practicals to make the observations 
which we consider to be relevant .. This implies 
detailed and carefully structured worked out practical 
sheets. 
3. As far as curriculum development is concerned the 
implications are that the material presented in the. 
primary school and the ideas that children have should 
interact in a way that will make sense and be 
meaningful to the children. The material.should be 
relatable to the prior experiences and prior knowledge. 
of the children in a range of ways to both the needs 
of the children and the·society. The material should 
be testable by the children through simple 
investigation.(Osborne and Wittrock,1985) I~ the 
junior secondary phase the emphasis should shift to 
the challenging of.the ideas which the children have 
and which ate incompatible with·further learning in 
science. 
4. The questioning skills of children must be developed. 
This should be seen as being of prime· importance. 
·(Osborne and Wittrock,1985.) The teacher should set an 
example here by acting as a Socratic tutor.(Posner et 
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al, 1982.) Children must learn to ask critical 
questions about their own ideas and those of others. 
Perez and Alis (1985) stress that for conceptual 
change to occur, children must acquire a new method of 
dealing with the natural world. They must ask 
questions, put forward hypotheses, design experiments 
to test them, carry out the experiments, analyse the 
results carefully and in so doing move away from their 
"methodological superficiality" which led them to the 
"wrong" ideas in the first place . 
. 5. Claxton sees the role of the teacher as one who will 
be: 
"deliberately contriving disparities~ persuading 
children to entertain these disparities as felt 
conflict.sJ and supporting them through the process 
of conflict resolution so that they do not opt for 
a premature or defensive solution~ but persist 
until a satisfactory reconciliation and 
integration of the two~ originally disparate~ 
theories is found and consolidated ...... he will 
spend more time asking pupils what they think than 
telling them what he thinks~ and will have to be 
prepared to let them design and run their own 
testsJ even if flawed~ with great 
self-restraint." 
It is quite clear from what has been said that one of the 
immediate consequences to us would be that we need to cover less 
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material, teach less, listen more and reflect very much more upon 
our own existing ideas about our subject and about the way in 
which it should be taught. Should we be teaching less of the 
facts of Science as has been discovered over millenia and more of 
the method used to make those discoveries possible? 
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CHAPTER 2. 
Review of the literature 
Introduction: 
Practising science teachers have long realised that the way in 
which their pupils viewed the world around them differed in 
numerous ways from the view portrayed by science. However, as we 
have pointed out in chapter 1, interest in the way in which 
children " see" the world--around them and the way in which they 
reason in Science has increased sharply during the past decade. 
The following table from Osborne and Freyberg (1985, pp. 13-14) 













Caramazza, McCloskey and Green, 1981; Trowbridge and 
McDermott, 1980, 1981; Jones, 1983. 
Leboutet·Barrell, 1976; Vieilnot, 1979; Champagne, 
. Klopfer and Anderson, 1980; Hewson, 1981a; Gilbert, 
' Watts and Osborne, 1982; Clement, 1982, 1983; di Sessa, 
1982; Minstrell, 1982; White, 1983; Watts and Gilbert, 
1983; McCloskey, 1983; Champagne, Gunstone and 
Klopfer, 1983. . . 
McCloskev Caramazza and Green. 1980; Osborne and 
Gilbert, i980b; Sjoberg and Lie. 1981; Gunsrone, 
Champagne and Klopfer. 1981; Watts and Zylberstajn, 
1981; v.·aus. 1983a. 
Stead. 1981; Watts, 1983b; Duit, 1983; Solomon. 1983. 
Stead and Osborne, 198la. 
Rowell and Dawson, 1977; Rodrigues, 1980; Biddulph, 
1983. 
Gunstone and White. 1980, 1981; Stead and Osborne, 
1981 b; Watts, 1982.. · . · 
Engel and Driver, 1981; Sere, 1982. 
Erickson, 1979, 1980; Tiberghien, 1980. 













Guesne, 1978; Stead and Osborne, 1980; Eaton, Anderson· 
and Smith, 1982; Goldberg and McDermott, 1983; 
Anderson and Karrgvist, 1983. 
Change of State: · Andersson, 1980; Osborne and Cosgrove, 198~. 
Electric 
Current: 
Tiberghien and Delacote, 1976; Andersson and Karrqvist, 
1979; Russell, 1980; Fredette and Lochhead, 1980; 
Osborne, 1981, 1983; Fredette and Clement, 1981; Hartel, 
1982; Shipstone, 1982; Cohen, Eylon and Ganiel, 1983. 
Chemical Change: Schollum, 1982; Andersson and Renstrom, 1982. 
Burning: Schollum and Happs, 1982. 
Particulate Nature Novick and Nussbaum, 1978, 1981; Nussbaum and 
of Matter Novick,l982; Osborne and Scholium, 1983; Brpok, Briggs 
and Driver, 1984. 
Earth Sciences: Nussbaum and Novak, 1976; Nussbaum, 1979; Happs, 
1982a, 1982b, 1982c; Klein, 1982; Sneider and Pulos, 1983. 
Living: Angus, 1981; Tamir, Gal-Choppin and Nussimovitz, 1981; 
Brumby, 1982. 
Plant: Bell, 1981a. 
Animal: Bell, 198lb; Bell and Barker, 1982. 
Natural Deadman and Kelly, 1978; Brumby, 1979; Kargbo, Hobbs 
Selection: and Erickson, 1980. 
General Reviews Driver and Erickson, 1983; Gilbert and Watts_. 1983. 
Since our own interest is essentially in mechanics, this 
literature review will concern itself with investigations into 
the beliefs of school children and university and college 
students in the areas of force, gravity and the motion of falling 
objects, the trajectories of falling objects and velocity. 
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A: ·rc>rae 
The concept of "force" is central to understanding and learning 
in mechanics and hence in physics as a subject. In this review we 
will be looking at the beliefs held by students and children in 
the areas of: 
1. forces acting on bodies at rest; 
2. Newton's Third Law; 
3. force and motion. 
1. Forces acting on bodies at rest. or "passive" force. 
McDermott (1984).refers to these forces as "passive" and defines 
such a force as one· "which adjusts itself in magnitude in 
response to an applied force." Researchers in this area have 
typically presented their subjects with two situations, namely: 
(a) an object at rest on a supporting surface, e.g. a book lying 
on a table: 
( 
I l 
The subjects were required to identify the forces acting on the 
objects. The results obtained show clearly that many of the 
subjects do not recognise the presence of the passive upward 
force. 
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In a study of pupils' conceptual understanding in physics, Driver 
in 1973 (in McDermott, 1982, p.3) spent several months closely 
observing four junior high school pupils in the laboratory school 
at the University of Illinois while they were conducting 
experiments and discussing the material presented with each other 
and with their teacher. Their remarks were recorded and later 
transcribed. The children found it very difficult to accept that 
a table or chair could exert a force when there is no motion 
involved. For them the ability to exert a force ·was associated· 
with something that was alive. These views proved to be very 
resistant to change and were still a problem at the end of the 
school term. 
Minstrel! (1982) working with his 
in the United States recorded 
high school class of 25 pupils 
similar difficulties with the 
concept of a normal force. Before any formal teaching of force 
had begun he asked his pupils to draw the·forces acting on a book 
lying on a table and to explain in their own terms what keeps the 
book at rest on the table. Their classroom discussions were 
recorded and transcribed. All 25 pupils included in their sketch 
the downward force due to the earth's gravitational attraction, 
but only 50% showed the upward force exerted by the table. 
Furthermore, many of them considered air pressure to be 
responsible for keeping the book stationary. Among those who 
believed that the book remained where it was because of a 
combination of forces, many .believed that the downward forces 
must be greater than the upward ones to keep the book down. 
Helm (1978) administered a multiple choice questionnaire to 33 
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first year physics students at Rhodes University in South Africa, 
460 matric pupils from English-medium private and Cape Education 
Department schools as well as 65 teachers of Mathematics and 
Physical Science. The paper consisted of 20questions designed to 
reveal the existence of misconceptions and difficulties in the 
. 
understanding of physical concepts. In one of the questions the 
subjects had to s~lect the false-statement concerning the forces 
acting on a block resting on a table. 67% of the students, 53% of 
- ·t-he pupils and 59% of the teachers selected the correct item. 
16% of the pupils and 9% of the teachers thought that the item 
which specified that the block had two forces acting on it, i.e. 
the earth's gravitational force and and the upward force of the 
table, was false. Ivowi (1984) adapted Helm's paper for use in 
Nigerian schools. He administered the test to 257 15 - 17 year 
old pupils from 8 Nigerian secondary schools. In answering the 
question regarding the block lying on the table, 55% of the 
pupils selected the correct item, with 11.7% of the pupils 
indicating that they thought that the item which specified that 
the block had two forces acting on it, the earth's gravitational 
force and the upward force of the table, to be false. 
Furthermore, 14.4% of the pupils considered the item which stated 
that the forces acting on the block to be equal and opposite, to 
be false. 
In an attempt to discover more about the "intuitive 
preconceptions " of children. about forces and equ~librium as well 
as any changes which occur in their conceptual· framework ·as a 
result of maturation and instruction, TerryJ Jonea and Hurtord 
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comprehensive school~ with a sketch of a box resting on a table 
and asked them to explain in their own words what kept the box 
there. They were also asked specifically if it was necessary for 
the table to exert a force on the box. Their sample consisted of 
57 pupils in the midpoint of their third year~ 46 pupils in the 
midpoint of their fourth year and 55 pupils in the midpoint of 
their fifth year of study of physics. In addition, the third year 
group had done a course on force in their integrated science 
course but had had no formal instruction in Newton's First Law or 
equilibrium. The fourth year group had been introduced to 
Newton's First Law and had some experience of Newton's Second ,, 
Law. The fifth year pupils had received instruction in all three 
of Newton's laws. They found that: 
(i) The third year group could identify only one force 
acting on the box: the downward force due to gravity. 
They asserted that it was not necessary for the table 
to exert an upward force on the box. In later 
discussions they found it difficult to abcept that 
inanimate objects could exert a force at all. Only 5% 
correctly indicated the forces acting on the box and 
only 6% thought that the table could exert a force. 
(ii) A small number of fourth year pupils had developed an 
understanding of static equilibrium. 16% gave the 
correbt answers to the forces acting on the box and 
25% were aware that the table exerts a force on the 
box. Over 50% stated that the box remained at rest 
"because no external forces acted on it" 
(iii) 59% of the fifth year pupils could not explain this 
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simple case of static equilibrium. Only 54% thought 
that the table must exert an upward force on the box 
but very few were explicit in their overall 
description 
them invoked 
of the equilibrium situation. Many 




In a follow-up on this investigation, pupils were asked to draw 
the forces acting on the box when it was: 
(i) suspended by a spring; 
(ii) supported on the palm of the hand. 
In case (i) about 50% of the third year pupils now identified two 
forces acting on the the box , i.e. the downward force due to 
gravity and the ,upward force exerted by the spring. Over 40% 
could identify two. forces in case (ii). 
Sjoberg and Lie (in McDermott, 1984 p.2) conducted a survey in 
Norway by administering a written questionnaire to over 1000 
subjects from all three levels of the upper secondary school, 
future teachers, university students and graduate physics 
students. The-aim of the study was to identify some common 
conceptual errors and to estimate their frequency and persistence 
through different levels of physics instruction. The subjects had 
studied physics over periods ranging from less than a fuil year 
_to several years. In one-of the questions the subjects were asked 
to identify the forces acting on a stationary pendulum. They 
-found that about 50% of the secondary school pupils who had one 
year of physics omitted the tension in the string while about 40% 
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of the future teachers and 10% of the graduate students failed to 
indicate this force. 
Halloun and Hestenes (1985) administered a diagnostic test in 
physics to determine the initial knowledge about motion held by 
students taking a first course in physics at the Arizona State 
University. Their test was of the multiple choice type and it 
was written by 1500 students and 80 pupils at a nearby high 
school. The aim of the test was to develop· a ·diagnostic tool to 
predict future performance in the physics course. To investigate 
more deeply the "common sense" beliefs of the students about 
motion, the researchers interviewed 22 students in depth about 
their answers to the questionnaire. They found, amongst other 
things, that for many of the students only living things are 
recognised as being able to exert a force. 
2. Newton's Third LaR 
Research into the beliefs held by students and pupils about the 






identifying action-reaction pairs;. 
interaction between objects; 




pairs where motion is 
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(i) Identifying action-reaction pairs: 
Terry and Jones (1986) asked 39 16 year old pupils who had just 
completed an 0-level course in physics in Wales to interpret in 
terms of Newton's Third Law a variety of situations in which two 
objects interact with each other. The task consisted of a series 
of line drawings depicting the si t.uation. The questions were 
designed to show how -pupils understand· the Third Law. One of the 
questions dealt with the static situation and showed a man 
standing on the ground. The pupils were asked to identify the 
Third Law force which is "paired" with the weight of the man. 
Only two pupils correctly identified this force as the force 
exerted by the mao on the earth. Over two thirds of the remainder 





another problem the pupils were shown a stone falling 
under gravity and once again they had to identify the 
Law force which is paired with the gravitational force 
on the stone. Only 4 pupils correctly identified this 
force while about half of them cited air resistance as the paired 
force. 
(ii) Interaction between obiects: 
In the Terry and Jones investigation cited above the pupils were 
asked to predict the outcome of situations in which two objects 
interacted with ·each other. In· one of the· problems the diagram 
showed a man trying to get a cart to move using two magnets as 
shown in the sketch: 
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The pupils were asked to discuss the possibility of the cart 
moving. About 90% thought that it would and gave as their reason 
the attractive force between the two magnets. In a question 
linked to the previous one two people were shown standing in a 
boat. The pupils were asked to explain what would happen to the 
motion of the boat if one person pushed against the other. Only 
15% of the pupils responded correctly to this question. 
(iii) Interaction fbrces between objects of unequal mass: 
In his survey of misconceptions in Physics amongst South African 
university students and school pupils and teachers, Helm (1978) 
asked subjects to compare the direction and magnitude of the 
gravitational force acting between two bodies of unequal mass 
which are far away from any other massive bodies. The one body 
was half as massive as the other. 79% of the student group, 64% 
of the pupils and 34% of the teachers thought that the less 
massive body exerted a smaller force than the more massive one. 
Terry and Jones (1986) showed their pupil~ in Wales twa 
situations depicting two roller-skaters connected by a rope. In 
the one case the roller-skaters were of equal mass and in the 
other case the one roller-skater was clearly more massive than 
the other. The pupils were asked to ~r~dict what would happeri if 
one of the skaters pulled on the·rope. Over 90% of the pupils 
correctly predicted that in the first case they would move 
towards each other. However, in the case involving skaters of 
unequal mass about 50% of the group thought that the more massive 
skater would remain stationary while the less massive one would 
move towards him. When further asked to compare the .force. exerted 
by an insect on the windscreen of a moving car with that of the 
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car on the insect, 60% thought that the force exerted by the car 
on the insect would be greater than that exerted by the insect on 
the car. 
(iv) Action - reaction pairs where motion is involved: 
Watts and Zylberstajn (1981) administered a multiple-choice 
questionnaire which used line drawings depicting various 
situations, in order to investigate the prevalence of 
non-Newtonian ideas about force and motion amongst British· 
school-children. An interesting aspect of their questionnaire was 
that the children were asked to include a reason for their 
choice. Their sample consisted of 125 pupils who were at the end 
of their third year of studying physics as a subject at school.· 
These children were about 14 years old and in transition between 
doing physics as a compulsory subject or as an elective one. 
They attended four comprehensive schools in Reading and London. 
Two questions dealt with a tug-of-war situation in which one of 
the participants was winning. 82% of the pupils thought that the 
person who was winning was exerting a greater force on the rope. 
Maloney (1984) investigated the understanding of the interaction 
between two blocks by students at Creighton University in 
Nebraska. The following situations were depicted: 
(a) the blocks were at rest and in contact with each 
other; 
(b) the blocks were moving with constant velocity with 
one block pushing or pulling the other; 
(c) the blocks were being accelerated with the one block 
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pushing or pulling the other. 
In addition, in each case the two blocks could be of equal or of 
different masses. The questionnaire used depicted the situation 
under consideration by means of a sketch. In each case the same 
three options were provided namely: 
A exerts a larger force than B; 
The forces are equal; 
B exerts a larger force than A. 
Maloney's sample consisted 
groups of students. Group 
of volunteers from three 





one year general course in physics, group two 
non-science majors enrolled in a general education 
science course and group three consisted of junior and senior 
chemistry majors enrolled in a one year chemistry course in which 
general physics was a prerequisite. 
As a result of his work Maloney was able to identify a number of 
"rules" which the students had usedwhen solving these problems. 
11% of the sample thought that, irrespective of the situation, 
the greater mass always exerted a greater ·force. 16% of the 
students thought that only in moving systems does a greater mass 
exert a greater force. 19% thought that when moving, the block 
causing the motion, i.e. the one which is pushing or pulling the 
other one, exerts the larger force. 8% thought that only in 
accelerating systems will the larger.mass exert the larger force 
while a further 9% thought that only in accelerating systems does 
the block causing the motion exerts the larger force. In a 
follow-up study, Maloney looked at the rules employed by students 
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who did not take college physics and those who had. His sample 
consisted of 62 non-physics and 68 experienced physics students. 
He found that the more experienced group used different rules 
from the less experienced. They were much more likely to consider 
the "at rest" and "constant velocity" situations as being the 
same. Fewer students in this group used mass as the only basis 
for their decisions. The interesting thing is that although the 
groups used different rules in solving- the problems, the 
difference in success was not great. No non-physics students used 
the correct strategy to solve the problems while only 6 physics 
student used the 
used the rule 
correct strategy. 24% of the non-physics group 
that for moving systems the block causing the 
motion exerts the larger force. 25% of the physics group used the 
same rule when working with accelerating systems, i.e. the block 
causing the acceleration exerts the larger force. A further 25% 
of this group used the rule that for accelerating systems the 
larger mass exerts the larger force. 
In summary then it appears that: 
(i) pupils experience great difficulty in correctly identifying 
Third Law force pairs; 
(ii) pupils h~ve great difficulty in analysing the interaction 
between objects; 
(iii) pupils think that when bodies of unequal mass- interact then 
the more massive one exerts the larger force; 
(iv) when motion is involved the agent causing the motion is seen 
as exerting the larger force; 
(v) as those who teach Newton's Third Law will be able to vouch 
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for, this is· a very difficult area for pupils and teachers 
alike. 
3. Force and motjon: 
According to McDermott (1984) the beliefs which children and 
students hold about force and motion have-been investigated by 
using one of the following four methods: 
(i) written tasks; 
(ii) interview about instances techniques; 
(iii) laboratory tasks; 
(iv) computer simulations; 
(i) Written tasks: 
In a paper dealing with the concepts which young French people 
have in mechanics, Leboutet-Barrel (1976) describes a study from 
which he concludes that students consider forces to be one of the 
following two types: 
(a) real interaction forces which act upon masses such as 
gravity or the tension in a string; 
(b) a force associated with the motion of the body. The 
force has the same direction as the velocity and 
becomes zero at the same time as the velocity does. 
It is thought of as a property of mass such as 
inertia or impulse. 
Viennot (1979) presented a written questionnaire to about 2000 
French, Belgian and British students. Two thirds of the students 
were at university level and the other third at school level. 
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One of the questions in the questionnaire showed six balls thrown 
in the air· by a juggler. The balls were all at the same height 
but were travelling with different velocities and on different 
trajectdries. The velocity and path were indicated for each ball. 
The subjects were asked to indicate whether the forces acting on 
the balls were the same. About 50% of the subjects thought that 
the forces were unequal. From the responses to this question and 
to others, Viennot concludes that her subjects think that: 
(a) if the velocity is zero, then the force acting on the 
body is zero, even if its acceleration is not zero. 
(b) if the velocity is not zero then the force acting on 
the body is not zero even if the acceleration is 
zero. In other words, there is a force acting in the 
direction of motion of a body when it is travelling 
with constant velocity; 
(c) if the velocities of bodies of identical mass are 
different, then the forces acting. on_ -them are 
different even if the accelerations are the same. 
McCloskey, Caramazza and-Green (1980) carried out a study in 
which they wished to determine the understanding,.of the principle 
that objects move along straignt lines in-the absence of external 
forces. Th~ir .sample consisted_ of-47 undergraduate students at 
the Johns Hopkins University in Baltimore. 15 of the students had 
not had any high school or college physics, 22 had completed one 
high school physics course and 10 had completed at least one 
course in physics at college. The students were shown sketches of 
curved tubes down which a ball was allowed to roll. They had to 
sketch the path which the ball would follow upon emerging from 
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the tube. Another of the questions showed a ball being swung in a 
circle at the end of a string. Again the students were asked to 
draw the path the ball would follow after the string breaks and 
the ball travels freely. To ascertain why the students sketched 
the paths which they did, they were interviewed after the test. 
The investigators found that overall 36% of the students drew 
curved pathways. 49% of the students who had no physics at all, 
34% of the students who had completed one course in physics at 
high school and 14% of those who had completed one year or more 
of physics at college level drew curved pathways. In the 
post-test interviews mo~t of these students indicated that they 
believed that an object moving through a curved tube acquires a 
force which causes it to continue on a curved path. This force 
gradually 'dies away and the path will tend to become straight 
after a·while. 
McCloskey (1983) describes a study carried out by himself, Kohl 
I 
and Washburn in which American high school pupils and college 
students had to solve several problems about motion and explain 
their answers. They found that in many cases the subjects held 
the idea that a force "of motion" of the obj~ct kept it moving 
and that this force is gradually dissipated due to friction or 
some other opposing fo~ce. Kohl, Washburn and McCloskey (in 
McCloskey, 1983) tested the knowledge about motion amongst high 
school pupils before and after they had completed a physics 
course. They found that 93% of the pre-course and 80% of the 
post-course pupils held the idea that moving bodies have a force 
acting on them in the direction of the motion. This idea is 
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clearly a very tenacious one amongst students in many nations. 
In the study by Sjoberg and Lie (1981) cited on page 59 above, 
their subjects had to indicate the forces acting on a swinging 
pendulum. The authors report that a "substantial" number included 
a force in the direction of the motion of the pendulum. 
In the study by Watts and Zylberstajn (1981) cited on page 63 
above, six questions were included to test the idea that motion 
implies a force in the direction of motion. Three questions dealt 
with the forces a~ting on a stone which has been thrown 
vertically upwards and three with the forces acting on a cannon 
ball in flight after it had been fired from a cannon. About 85% 
of the pupils associated force with motion. The stone ·was very 
frequently seen to have a force acting upwards away trom the· 
person's hand as it moves upward, and in the case of the cannon 
ball a force directly away from the cannon which moves it through 
the air. Furthermore, a large number of the children thought that 
the force acting on the body decreases as its velocity 
decreases. 
Clement (1982) asked 150· first year students enrolled in a 
pre-engineering physics course at the University of Massachusetts 
to indicate the direction and relative magnitude of the forces 
acting on a coin which has been thrown vertically upwards. The 
students all had high school phy~ics but no courses in physics at 
university level. 18 o~ the students had to solve the problem 
during an individual interview which was video-taped. Only 12%· of 
the students could correctly solve the problem. The.most common 
mistake was the addition of a force in the direction of motion of 
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the coin. This idea was also brought out very strongly in the 
interviews with expressions such as '' the force of the throw, the 
upward or original force, the force that I am giving it." 
In a further problem students were shown a rocketship floating 
along in space The rocket motor was fired for a short while and 
students were asked to sketch the path along which the rocket 
ship would travel while the motor was being fired and after it 
had been shut off. Only 11% of the subjects could draw the change 
in the trajectory correctly while only 38% could correctly 
predict its path after the motor had been shut off. 41% thought 
that it would return to its original direction of travel. It 
would appear that students believe that there is an initial force 
acting on the rocket on its initial path and that after the motor 
is shut off, this force takes over again. Clement calls this the 
"motion implies force" preconception. This preconception includes 
the following ideas: 
(a) continuing motion, even at constant velocity, implies 
the presence of a force in the direction .of motion 
that is greater than any opposing force; 
(b) changes in an object's speed may be accounted for by 
a force which "dies out" or "builds up". 
Clement went on to administer the same test to a group of 
students after they had attended a course in mechanics. Although 
there was an improv~ment in the scotes of the post-course 
students, "an alarmingly high number of students still gave wrong 
answers of the same kind on these very basic problems." For 
instance only 25% of the post-course students could solve the 
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coin problem. 
Osborne (in Osborne, 1985, p.45) reports on a study which he 
carried out amongst children in New Zealand to ascertain the 
prevalence of the view that the presence of a force is required 
to keep an object moving, as had been found by Watts and 
Zylberstajn in their study on children in England. He selected a 
' 
representative sample consisting of 200 children in each. of the 
age groups 13 , 14 and 15 years old. The children all did science 
at school. In addition he select-ed 100 each of 16 and 17 year old 
pupils studying physics at school. A multiple choice 
questionnaire was used in which one of the questions included a 
sketch of a person throwing a ball upwards. The ball had left the 
person s hand and sketches were used to indicate the forces 
acting on the ball. The pupils had to select the correct sketch 
for the ball on the way up, at the. top of its . f 1 ight and then on 
the way down. Osborne found that 46% of the 13 year olds ,_ 53·% of 
the 14 year olds and 66% of the 15 year olds consistently 
selected a force in the direction of motion. About 55% of the 15 
and 16 year olds held the same view. Only about 22% of the 
overall sample consistently selected the correct option. 
In their study reported above Halloun and Hestenes found that 65% 
of their subjects held the belief that every motion has a 
cause". 
In an unreported preliminary study to this one, in 1986 P.E. 
Spargo and· myself administered a test to 213 first year 
engineering students at the University of Cape Town as well as to 
the Method of General Science group in the School of Education. 
The test was written by the engineering students before any 
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instruction in university physics had begun. We wanted to find 
how widely the notion that motion implies a fore~ in the 
direction of motion was held by these students, virtually all of 
whom would have passed through a Physical Science course at a 
South African school as part of their matriculation course. A 
multiple choice test was used in which we supplied five difterent 
options. The subjects were asked to indicate the force~ acting 
on: 
(a) a swinging pendulum at different points along its 
path; 
(b) a ball which has been thrown horizontally away from a 
person once it has left the person's hand; 
(c) a ball thrown vertically upwards once it has left the 
thrower's hand. 
The following table summarises our results. 
Question. Group. Percentage selecting options involving a 
Pendulum Engineers 62 
Teachers \. 78 
Horizontal Engineers 68 
ball Teachers 90 
Vertical Engineers 68 
ball Teachers 92 
It is clear from the above results that the idea that a force 
which acts in the direction of motion is associated with a body 
when it is moving with constant velocity is an extraordinarily 
tenacious one. The engineering students represent a very select 
academic group of pupils from our schools and although these 
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students are expected to use Newton's· First and Second Laws in 
calculations, it would appear that few of them actually 
understand the implications of the First Law. The results 
achieved by the student teachers are of great concern. It is 
quite clear that this group has a very poor grasp of the 
implications of the First Law and that they will without doubt 
transmit some of their lack of understanding. to their pupils. 
(ii) Interview about instances:. 
This method of investigating a subject's understanding of a 
physical concept was developed by Osborne and Gilbert (Osborne 
and Gilbert, 1980). The technique consists of showing a subject 
up to 20 cards, each depicting a familiar situation. Line 
drawings are used to represent the situation. The cards include 
situations which contain an instance of the concept under 
investigation and situations which do not contain an instance of 
the concept under investigation. The subject is . asked, for each , 
situation in turn,. whether he or she considers it to contain an 
instance of the particular concept or not. He or she then has to 
supply reasons for his or her choice. The discussion is taped and 
later transcribed. This method allows the subject to ask 
questions to clarify ~ny ambiguities, real or perceived, before 
answering the question. It als~ $ives the investigator the 
freedom to discuss with the subject reasons or lack of reasons 
for a particular answer . 
In a study by Osborne and· Gilbert (1980) 40 British pupils of 
average scholastic ability ranging in age from 7 to 19 years were 
interviewed about the concept "force". Analysis of the ·interviews 
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showed that: 
(a) children consider forces as having to do with living 
things: only living things can exert a force; 
(b) constant motion requires constant force. The idea 
that the force which caused the motion initially can 
be "used up" while the object is moving, is very 
common. 
(c) the quantity of motion is seen as being proportional 
to the quantity of force. Motion here is not seen as 
acceleration. No motion implies no force. Moving fast 
implies a large force. 
(d) if a body is moving, then there is a force acting on 
it in the direction of its motion. 
(e) forces are seen as residing inside objects and make 
things happen. 
(iii) Laboratory ta~ 
McDermott (1984) reports on work done by Lawson at the University 
of Washington. McDermott does not give details about the sample 
of students used but it would appear that they were drawn from 
diff.erent levels of competence in physics. Some at least were 
from a physics honours course. His aim was to explore student 
understanding of, amongst other things, the concept of force and 
the connection between force and motion in the laboratory. 
Understanding of the concept was assessed by seeing whether the 
subject could apply the concept, or a relation between it and 
another concept, to the motion of objects in the laboratory. The 
students observed demonstraticins and performed tasks that 
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required the manipulation of apparatus. Student activity and 
answers in resporise to questions asked, were recorded during 
individual demonstration interviews. The apparatus consisted of a 
smooth glass table upon which one or more dry ice pucks were 
placed. The student could use a blast of air from a hose to apply 
a force: a brief blast to apply an instantaneous force or a 
constant force by keeping the hose a fixed distance ftom the 
puck. As the distance between the puck and the hose increased the 
force exerted by the blast decreased. 
In the first task the students were required to make a relatively 
massive puck move in a straight line with constant speed. To 
achieve this the students tried one of the following procedures: 
a constant blast, a steadily decreasing blast, a 
series of short blasts or a single short blast. 
The use of a constant blast represents an underlying belief that 
a constant force is required for uniform motion to continue while 
the application of a single blast represents an underlying 
understanding of Newton's First Law. 
After having completed the manipulations, the students were asked 
to explain the motion of the puck and to describe the forces 
acting on it at different points along its path. Lawson found 
that about half the students applied the incorrect procedure on 
the first trial by applying a constant blast. In another task the 
students were required to deflect through an angle of 45 degrees 
to the original path a puck moving at constant velocity in one 
direction. Here the most common incorrect procedure was to aim 
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the hose at the moving puck in the same direction as the student 
wanted it to go. The rate of success on this task was similar to 
that on the uniform motion task. 
The actions and answers of the students indicate that they lacked 
a consistent conceptual system. Their use of the word force and 
other technical te.rms was ambiguous and unstable. It ~as clear 
that their problems could not be adequately summarised as the 
simple belief in the necessity of of a force in the direction of 
motion. For many students force and momentum were not distinct 
concepts. McDermott lists a lack of understanding of vectors and 
an inability to apply vector algebra to the situation at hand as 
well as having very vague ideas· of acceleration and its 
association with force as further factors which were involved in 
the poor performance of the students on the tasks. 




to investigate the 
conceptions about 
skills, Champagne, Klopfer and Anderson 
combined effect of 
motion and reasoning 
(1980) presented tests 
in these various fields to 110 first year physics students at the 
University of Pittsburgh. To test the preconceptions about motion 
held by the students they were asked to observe the motion of 
objects during free fall and in various other situations on an 
Attwood machine. They had to describe their observations, answer 
questions about the motion of the objects and then justify their 
answers. Some questions asked the students to predict the motion 
they expected before they observed it. The responses were 
recorded in a preprinted answer booklet and protocol analysis was 
carried out on these to reconstruct the student's conception 
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about the motion of objects. 
An analysis of the protocols showed that the students do not 
enter the introductory university physics course with a lack of 
ideas about the motion of objects. In fact, the authors stress 
that each student appears to have a ''rich accumulation of 
interrelated ideas that constitute a personal system of 
commonsense beliefs about motion." The contents of this 
commonsense belief system is qualitatively different from the 
formal Newtonian system of mechanics 
the following four rules which were 
analysis: 
and can be characterised by 
derived from the protocol 
(a) a force, when applied to an 9bject, will produce 
motion; 
(b) under the influence of a constant force objects move 
with constant velocity; 
(c) the magnitude of the velocity is proportional to the 
magnitude of the force; any acceleration is due to an 
increase in the force; 
(d) in the absence of forces objects are either at rest 
or, if they are moving, they are slowing down, 
thereby consuming the momentum which they have stored 
under the influence of the original force. 
It is very interesting 
these ideas extracted 
collected from children 
to note the amazing similarity between 
from university students and those 
by Gilbert and Osborne. The. latter 
authors point out that this .pre-instructional syst~m has a loose 
structure, displays little interconnectedness and lacks an 
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overlying formalism. As a result it is highly flexible and can 
accommodate new information locally without producing conflict in 
other parts of the system. In this way new facts can be learnt 
without a major reconceptualization being involved. 
(iv) Computer tasks: 
DiSessa (1982) developed a series of computer games to explore 
the understanding of force and motion amongst eight sixth grade 
pupils from a school in suburban B6ston; i.e. the pupils were 
about 12 years old. They were chosen to represent the entire 
range of academic abilities and they all had eight weeks of 
roughly four hours per week 
language Logo in a classroom 
"dynaturtle" that moved in 
of experience using the computer 
environment. The games featured a 
a "Newtonian computer environment". 
The pupils were asked to make the dynaturtle move at different 
speeds and in different directions by applying a suitable "kick". 
This kick was a discrete version of a force and specified the 
change of velocity according to the relationship F = ma. In a 
game called "Target" the pupils had to direct the dynaturtle to 
strike a target with minimum speed on impact. In discussing the 
results of the study, DiSessa says that " in view of the striking 
difference in the abilities between and style which the student~s 
exhibited in their other work, we were greatly surprised to see 
how uniform their responses were to the dynaturtle; Students 
seemed to have definite non-Newtonian expectations which were 
contradicted by the behaviour of the dynaturtle." The pupils 
seemed to believe that objects would move in the direction iti 
which they were pushed regardless of the direction of their 
initial motion. In general the results of this study are very 
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similar to those found in laboratory settings. (McDermott, 
1984.) 
White (1983) presented a series of force-and-motion problemsi 
consisting of a spaceship in deep space being manoeuvred by an 
impulse motor, to 40 high school science pupils in an upper 
middle class suburb in Boston. The average age of the group was 
16.4 years. Pupils had to explain how they would use the motor to 
manoeuvre the spaceship in various ways. One question for 
instance asked them how they would u~e the motor to make the 
spaceship travel in a circle. The results showed that many of the 
pupils had difficulty in determining the effect of a force on an 
object's speed and many neglected to take into account the 
object's current speed when attempting to predict how a force 
would alter it's direction of motion. The idea that objects move 
in the direction in which they are pushed seemed to be well 
established. White also concluded that an analysis of the reasons 
for selecting the wrong options reveals the existence of 
inconsistent ideas about force and motion. Based on this work 
White designed a game in which the spaceship is manoeuvred on a 
screen in a frictionless environment to give pupils an idea of 
the behaviour of a Newtonian object and to supply them with 
immediate feedback to their responses. Significant improvement 
followed in a written post-test after the games were played on 
the computer. (McDermott, 1984.) As a result of the work done by 
Lawson, DiSessa and White, McDermott (1984) concludes that to 
ascribe "Aristotelian" beliefs to students seem inadequate to 
account for the errors made in these more complicated 
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situations. 
B: Gravity 
Research into the understanding of children and students •bout 
gravity has investigated the relationship between gravity and 
height, gravity and the atmosphere, gravity and the earth, as 
well as the speed of falling bodies. The methods of investigation 





(iii) interview about instances and ~ follow-up survey 
using a questionnaire; 
(iv) laboratory demonstrations which require prediction 
and explahation of motion under the influence of 
gravity. 
(i) Questionnaire studies: 
Za'Rour, (1975), used a multiple choice questionnaire to 
investigate the misconceptions in science and the prevalence of 
the misconceptions held by Lebanese high school and university 
students in the Beirut area. His sample consisted of 1444 high 
school pupils from grades 9 and 11 and first year students at the 
American University of Beirut. One of the questions asked the 
subjects to compare the time of fall of two metal balls which 
were dropped at the same time but differed in that the one ball 
is twice as heavy as the other. 37.3% of the 9th graders, 30.1% 
of the 11th graders and 42.1% of the university students thought 
that the heavier ball would reach the ground first but not in 
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half the time taken by the lighter ball. 
Whitaker (1982) presented a questionnaire consisting of five 
questions about falling bodies to 100 students who were enrolled 
in an introductory physics course. The group consisted of 40 
students who had taken physics at high school and 60 students who 
had not taken physics at high school. One of the questions asked 
the students to compare the time of fall of a 50 lb ball with 
that of a 5 lb ball if the balls were dropped simultaneously. 10% 
of the group who had studied physics at high school thought that 
the heavier ball would fall faster while 18% of those who did not 
study physics at high school though that the heavier ball would 
fall faster. The most popular reason given for this choice was: 
(a) the heavier ball will travel faster than the lighter 
one; 
(b) the mass of the heavier ball is greater; therefore it 
will accelerate faster; 
(c) there will be more gravitational pull on the 50 lb 
ball than on the 5 lb ball. 
'· 
In their study on children in the London and Reading area (see 
p.63 above) Watts and Zylberstajn included two questions to test 
the idea held by children that the heaviness of an object 
increases with height. This idea was reported by Driver in 1979 
and again in her book (1983). In one of the questions the 
children were asked to compare the force acting on two identical 
cars placed on a slope with the one car being higher than the 
other. 48% of the children thought that the car at the top of the 
slope would be pulled down with a greater force than the one 
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lower down. Furthermore, it would appear that many of the 
children saw the slope to be increasing the higher one goes up 
the incline, as 20% of the children saw the top part of the hill 
to be at a greater angle than the lower part. 
In another question two objects of equal ~ass were shown 
connected to each other with a string and suspended across a 
pulley with one of the objects closer to the ground than the 
other. The children had to predict what would happen if the 
objects were released and free to move. 78% of them thought that 
the unaided objects would move until they were at the same height 
because, amongst other things, "The force on the block in mid-air 
is a lot stronger than the one on the ground so they become 
equal". 
To test the beliefs children hold about gravity, the atmosphere 
and space, Watts and Zylberstajn included a sketch of an 
astronaut standing on the moon. A spanner which he is holding in 
his hand is released and the children were asked to predict what 
would happen to the spanner. 80% of the responses indicated that 
the spanner would either rise upward away from the surface of the 
moon or that it would stay where it was above the surface. The 
reasons given centred on the fact that the moon has no atmosphere 
and therefore no gravitational pull. 
Maloney (1985) designed a study to identify the rules used by 
students in solving conservation of energy problems. His subjects 
were 80 volunteers who formed two populations: one group did 
science as a major and the other group did not. The students were 
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from Creighton University in Omaha, Nebraska. As a part of the 
study the students were shown sketches which showed two carts 
with similar or different masses on an incline from where they 
would be released simultaneously from different heights. The 
students had to compare their speeds at the bottom of the 
incline. In another task carts of different masses and speeds 
were shown at the .bottom of an incline and the heights reached by 
the carts up the incline had to be compared. In a further task 
carts were shown being released down one incline .and the height 
reached up another incline had to be predicted.' Although the aim 
of this study was not to investigate the beliefs of the students 
about gravity, the ~uthor infers from his results that well over 
80% of the students were probably using the idea "· .heavier falls 
faster" in solving the problems. 
(ii) Interview studjes: 
Selman, Krupa, Stone and Jaquette (1982) carried out a Piagetian 
study into the development of the understanding of science 
pheno~ena by children of working and middle class suburban white 
parents in the United States. Amongst the phenomena investigated 
were the two unseen forces of gravity and electromagnetism.· 
Their subjects were 105 children .ranging form pre-school through 
kindergarten to first grade. The children were . interviewed· to 
establish a score for logical reasoning ability and also for 
their understanding of gravity and electromagnetism. The scores 
on the logical reasoning test and the other two tests were 
compared statistically to see 
between them. Some children 
reasoning test scored high on 
whether there was any relationship 
who scored low on the logical 
the electromagnetism interview. 
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This was not the case for the gravity interview. The authors 
suggest that the children probably had more first hand experience 
with electrical phenomena than gravitational ones in their 
everyday life and that this would have given them greater 
opportunities to hypothesise about them than in the case of 
gravitational phenomena. This is difficult to accept~ One would 
like to suggest that the reason is just the opposite, namely that 
the children had in a sense been over-exposed to gravity and had 
constructed reasons to explain their obs9rvations - reasons which 
are quite acceptable to them and because these "theories" work, 
they feel no need to review them regularly. 
Ruggiero, Minzoni, Cartelli, Dupre and Vincenti-Missoni (1985) 
carried out an investigation into the common-sense beliefs which 
connect the elements weight, air, gravity and the phenomena of 
free-fall. 22 Italian middle-school children in the 12 to 13 year 
old age group were interviewed. The children were presented with 
a written questionnaire. As a result of the interviews a further 
set of questions were added and a further 40 children were 
interviewed. Of interest to us was their finding that children 
link the force of gravity with the presence of an atmosphere, 
that the moon possesses no gravity and that things fall because 
it is natural for them to do so. More particularly. 27.5% of the 
children though that in the absence of. air, objects become 
weightless while 40% thought that falling was a natural process 
for which the presence of air is essential. 
In the interview part of their investigation, Halloun and 
Hestenes (1985) found that some of the students thought that 
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gravity: 
(a) does not act in a vacuum; 
(b) increases as a falling object approaches the ground; 
(c) acts in different ways during free fall and during 
constrained fall; 
(d) is a constant force and does not produce constant 
acceleration; 
(e) causes heavier objects to fall faster than lighter 
ones. 
(iii) Interview about instances: 
Using the interview-about-instances approach, Watts (1982) 
interviewed 20 children from schools in and around the Greater 
London area. The pupils ranged from first to sixth form 
academically and from 12 to 17 years old in age. Each interview 
lasted for 40 minutes. From an analysis of the protocols Watts 
identified the following "alternate conceptions" of gravity held 
by the pupils: 
(a) Gravity is a force that requires a medium to act 
through. All of the pupils thought that gravity 
needed something to travel through. The most common 
medium suggested was air. 
(b) Where thera is no air~ there is no gravity. There is 
no gravity in space or on the moon .. Its upper limit 
is the upper limit of the atmosphere~ 
(c) Gravity increases with height. 
(d) Gravity is constant: moving objects try to but fail 
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to counteract gravity 
(e) Gravity begins to operate when objects start to fall 
down and continues until the objects are at rest on 
the ground. 
(f) Gravity is a large force. 
(g) Gravity is selective. It does not act on all things 
in the same way, nor on the same things in the same 
way at all times. 
(h) Gravity is not weight. Gravity can act with weight to 
keep things down. 
In order to find how widespread these ideas were amongst 
children, Gilbert and Watts (in: Appraising the understanding of 
science concepts: 'Gravity') employed a survey-about-instances 
approach. Here children were presented with a sketch representing 
some event and had to select a multiple choice option for their 
answer to the question. The options presented to them would 
include those found by Watts. An explanation.was also required. A 
final question asked children to complete the sentence: "Gravity 
is .......... " 
It is not clear how many pupils w•re us~d in this survey and 
there is also tio information about their ages, but the authors 
found that children consider gravity: 
(a) to hold things down on the ground; 
(b) to be a downward push which prevents things from 
floating off the earth; 
(c) is concerned with things falling downwards. 
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The sentence completion test yielded a number of responses which 
appeared to have been learned from textbooks, e.g. "Gravity is an 
attractive force between two objects." However, a number of 
responses indicated the involvement of the atmosphere as in 
"Gravity is a pressure down on things from the atmosphere". 
(iv) Laboratory demonstrations and explanations: 
Champagne and Klopfer (in McDermott, 1984) worked with twelve 
academically talented seventh and eight grade pupils who took 
part in a special science programme at the University of 
Pittsburgh. At the start of the programme the pupils were given a 
number of tests to investigate their preconceptions about free 
fall. In each test the investigator described a simple 
demonstration and asked the pupils to predict with reasons what 
would happen. The investigator then performed . the demonstration 
and asked the pupils to explain any differences between their 
prediction and the actual observation. In·one of the tests a 
single object was dropped a short distance and the pupils were 
asked to compare its speed at two different heights. Because of 
the short distances involved it was very unlikely that the pupils' 
could bbserve any differences in · the speed and so their 
preconceptions would be exposed. ·In another demonstration two 
objects of unequal mass were dropped.from the same height and the 
pupils had to compare the times of fall of the two bodies. 
Further inf~rmation was gathered by watching the pupils as they 
planned and conducted experiments involving free fall, or falling 
constrained by a modified Attwood's machine. The pupils could 
also use computer simulations which made it easy to observe the 
effects of changing the various parameters involved. The 
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experimenters noted the activities and comments of the pupils and 
asked questions to probe their thinking. They found that: 
(a) pupils realised that speed increases during free 
fall but many thought that the speed was proportional 
to the gravitational force even for relatively 
massive objects falling through short distances; 
(b) about one third of the pupils thought that the time 
of fall was shorter for the heavier object; 
(c) it was obvious that many of the pupils confused the 
concepts of mass and weight 
acceleration; 
and of velocity and 
(d) some of the abler pupils reached the correct 
conclusions about objects in free fall by starting 
from the false premise that speed is proportional to 
force. This is a very striking illustration of how 
correct answers may conceal serious misconceptions. 
In a further study by Champagne and Klopfer (1980) (reported on 
page 87 above ),in which university students were used in similar 
tests i.e. to predict and then to explain differences between 
their prediction and actual obser9ations, they found that most of 
the students thought that objects fall at constant speed by 
arguing that the speed depends only on the weight of the object 
and as this remains constant, so must the speed. Some students 
who were aware that falling bodies accelerate rationalised these 
conflicting ideas by arguing that the force of gravity increases 
nearer the ground as there is little or no gravity in space, 
which is far away from the ground. More specifically, they found 
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that about 20% of the students thought that when an object is 
' dropped it reaches its maximum velocity instantaneously and then 
falls at constant velocity. 80% of the students believed that, if 
all other things are equal, heavier objects fall faster than 
lighter ones and about 80% believed that "closer to the earth 
~eans heavier'' for objects suspended on an Attwood's m•chine. 
Gunstone and White (1981) at Monash University in Australia, 
investigated the understanding o~ gravity ·among more than 400 
physics students by asking them to write responses to questions 
based on classroom demonstrations. In one of the demonstrations 
they mounted a bicycle wheel as a pulley and hung a bucket of 
sand on one side and a block of wood of equal mass on the other 
side. The bucket of sand was purposely placed higher than the 
block of wood. The students were asked to compare the weights of 
the two objects. More than 30% did not think that the weights 
were equal and many ~f the incorrect answers implied that the 
block was heavier because it was nearer the floor. McDermott 
(1984) states that this view that lower is heavier was also found 
to be prevalent amongst college students enrolled in a first year 
general physics course at the University of Pittsburgh. In the 
light of Watts's finding that children in England believe that 
gravity increases with height, it is interesting to speculate on 
the reasons for the differences observed between his sample and 
that of the American researchers. The context of the questions 
are probably important in determining the answers given. 
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In their review of the literature on misconceptions, Gilbert and 
Watts (1983 ) find that a number of studies indicate that: 
(a) There is a close connection between the atmbsphere 
and gravity. Gravity is concerned with the earth's 
atmosphere and extends 
atmosphere. Therefore 
only as far as 
there is no gravity 
the earth's 
in space, 
on the moon or, for some, underwater. 
(b) Gravity acts differently on different objects and 
varies according to circumstances. 
increase with height, it makes heavier 
faster, acts on an astronaut's boots 
It seems to 
objects fall 
but not on 
hydrogen balloons. It causes objects nearer the 
ground to be heavier. 
(c) It is associated with downward-falling objects, i.e. 
it only starts to act on objects when they fall. 
C: Motion 
In this section we review studies concerned with 
the path along which objects will travel under 
circumstances: 
beliefs about 
two sets of 








force has now been 
to as curvilinear 
(ii) The object had an initiai horizontal velocity and has 
been released to fall freely. This will be referred 
to as projectile motion. 
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The beliefs which.are held about these paths have been studied 
by: 
(a) using questionnaires; 
(b) laboratory observations. 
(i) Curvilinear motion: 
(a) Questionnaire studies: 
McCloskey, Caramazza and Green (1980) wished to assess the 
understanding of the principle that an object will move in a 
straight line in the absence of . an unbalanced external force. 
Their sample consisted of 47 undergraduates enrolled in various 
courses at Johns Hopkins University in Baltimore. Of the 47 
students, 15 had taken no high school or college physics courses, 
22 had completed one high school physics course and 10 had 
completed at least one college physics course. Each subject was 
presented with 13 simple problems, each one of which consisted of 
a lin~ drawing and instructions which explained the drawing and 
specified the task to be completed. The following four sketches 
represent the four problems which are of interest to us. 
1. 2. 3. 4. 
Problems 1-3 show a metal tube down which a small ball is allowed 
to roll. The ball shoots out of the end of the tube and the 
subjects.were asked to draw the path the ball would follow upon 
emerging from the tube. They were instructed to ignore air 
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resistance. In sketch 4 they were told that they were looking 
down onto a metal ball which was being swung horizontally around 
a man's head. They were to assume that the string breaks when the 
ball is at the point where it is shown and asked to draw the path 
along which the ball would travel after the string had broken. 
The results of the test indicated that ''many of the subjects 
clearly did not know that objects move in straight lines when no 
external force acts on them''. 36% of the pathways .which were 
drawn were curves. 49% of the students with no physics courses, 
34% of the 
14% of the 
students who had one year of high school physics and 
students who had completed one or more years of 
college physics drew curved paths. Furthermore, careful analysis 
of the data showed that while only 33% of the students had drawn 
a curved path for the ball emerging in 1, a full 51% had drawn a 
curved path for the ball in 2. A large number of those who had 
drawn a curved path for both 1 and 2 had drawn a path with a 
greater curvature in 2. This would suggest that many people 
believe that when a particle is forced to travel in a curve then 
it will continue to do so even after external forces no longer 
act on it and that the amount by which the path will curve 
depends on the amount by which the original path curved or 
perhaps on the time for which the particle was initially forced 
to travel in a curve, i.e. for how long the constraining force 
has acted on the particle. 
For the problem involving the ball being swung around a man's 
head, 30% drew curved paths. The sketches on the next page show 
the most frequent incorrect answers to each of the questions. 
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e; b ~. 0 .36(~41 
33% 51% 30% 
1 2 3 4 
.It is also interesting to note that in post-test interviews some 
of the students who had indicated radial paths for the ball 
released in question 4 expressed the opinion that a centrifugal 
force pulled the ball outwards while the rope held it in and that 
when the rope broke the centrifugal force"yanked" the ball 
outwards. 
In a further study Caramazza, McCloskey and Green (in 
Nickerson,1985) asked college undergraduates to .draw the path 
that the bob of a pendulum would follow if the string were to be 
cut at the point indicated with the bob moving in the indicated 
direction. (See sketches below) 
v~ 1.( I tl \\I l \ I ~.,:l _../ '\ / \. ' ' ' ·---·~ ···- __ ...,. --
1 2 3 4 
' 
Only about one third of the .students showed an appreciation of 
projectile motion. Common "mistakes" included the following: 
(a) the ball would continue moving to the left if the 
string was cut when the pendulum is at the extreme 
left point of its swing; 
(b) the ball would fall straight down under the condition 
shown in sketch 3; 
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(c) the path the ball would follow is an extension of the 
string irrespective of where or when the string is 
cut; 
(d) the ball would continue in the arc of the pendulum 
for a short while before falling straight down. 
(b) Laboratory observations: 
In an investigation into the role which the intuitive beliefs of 
people play in their interactions with real situations, McCloskey 
and Kohl (McCloskey, 1983) asked subjects to push a small puck 
mounted on a ball bearing through a 90 degree segment of a circle 
which was painted on a table. (See sketch) 
+ 
a 
They found that while many of the subjects knew that the puck 
could pass through the segment of the circle if it was pushed 
straight, 25% moved the puck in a curved path before releasing 
it, believing that it would follow the arc of the segment. They 
report that most of the subjects who tried this strategy were 
visibly surprised when the puck did not travel along a curved 
path! 
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(ii) Beliefs about projectile motion: 
(a) Questionnaire studies: 
In his investigation into the understanding of trajectory motion, 
Whitaker (1983) included the following three questions to test 
the understanding of freely falling bodies·which have an initial 
horizontal velocity. 
1. A train is travelling along a smooth straight track with a 
speed of 60 miles per hour. One of the boxcars has a hole in 
the floor. Directly above the hole is a bolt in the ceiling. 
Suddenly the bolt comes loose and falls. The bolt will: 
A. hit the floor in front of the hole. 
B. fall through the hole. 
C. hit the floor behind the hole. 
2. A rider on a galloping horse holds a heavy ball out to his 
side and drops it. The ball will hit the ground: 
A. immediately below the point where it was dropped. 
B. immediately below the point the horse and rider·are 
when the ball reaches the ground. 
C. some position other than A or.B .. Please specify. 
3. A boat is sailing rapidly along the surface of a smooth lak~. 
A heavy ball is dropped from the top of a high mast. The ball 
will fall and: 
A. strike the deck at the foot of the mast. 
B. strike the deck behind the foot of the mast depending 
on the speed of the boat. 
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C. strike the deck in front of the mast depending on the 
speed of the boat. 
Clearly the idea tested here is whether the subjects were aware 
of the effect of the initial horizontal velocity of the falling 
object. If they do not take this into account then they will 
believe that the object will fall straight down and in the case 
of the boxcar and boat, strike the ground behind the reference 
point as this point would have moved forward during the time that 
the object was falling. In the case of the horse and rider, the 
ball will be thought of as hitting the ground behind the horse 
and rider as they would have moved forward relative to the ball. 
The results may be summarised as follows: 
Description of subjects. Percentage who believe that the object 
will fall straight down in the case 
No high school physics 







Intrinsic in this belief is the notion that force is required to 
keep a body moving. Once the body is free to fall, the cause of 
the forward force is removed and the body will fall straight 
down. Whitaker quotes some of the reasons given by his subjects 
which support the above idea: 
"The bolt decreases in (horizontal) speed the second it leaves 
the ceiling". 
"Gravity pulls it down; this is all that is acting on the ball." 
"The ball has lost its momentum and is pulled down". 
"The force of the moving boat will make the ball fall behind the 
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mast". 
"Once the ball is dropped there is no further force being applied 
in a forward direction." 
Apart from illustrating the beliefs of the subjects about 
trajectory motion, this study also supports other studies which 
link beliefs about the necessity of force for motion. 
Furthermore, a closer examination of the number of subjects who 
responded correctly to these rather similar questions suggests 
that the "understanding of the concepts involved may not be as 
firm as one might expect." (Whitaker,1983) This conclusion is 
tantamount to saying that the responses depend on the_question 
asked. This conclusion also follows from the results summarised 
in the table. 
Halgrange and Haury (in Saltiel and Malgrange, 1980, p. 78.) 
report that nine students out of ten believe that a heavy body 
thrown upwards by a man on a moving pavement will ~all behind him 
because: 
"when the ball is in the air,. there is no physical· link between 
it and the pavement" 
"the ball looses it horizontal speed instantaneously" 
"the ball must go up and down along the vertical" 
There are clearly similarities between the reasons given by the 
students in this investigation and those reported by· Whitaker. 
Saltiel and Malgrange believe that for some people th~ path of a 
free falling object is along the vertical in spite of the 
conditions under which it is falling. This belief is not unlike a· 
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rule which they can use under any set of conditions. The 
investigators refer to the first two reasons quoted above as 
being of the "dynamical" type while the last one is of the 
"geometrical" type. These two types of argument are used 
interchangeably and are believed to ·reinforce one another in what 
the authors refer to as the "natural model" of reasoning. 
Although the test used by Halloun and Hestenes (1985)(reported on 
p.SO above) also included some items involving circular as well 
as projectile motion, the authors do not report the percentage 
selection of the different options. 
In the test which Spargo and I administer~d to University of Cape 
Town first year engineering students, as well as to students 
following the Method of General Science course in the School of 
Education, (reported on p.71 above ), we asked the subjects to 
select the path along which they thought that a ball would fall 
if it was dropped from the window of a rapidly moving car, with 
the car moving from left to right. 
The following table summarizes our results: 
Path 
T / ~ ~ ~ 
Engineers. 3% 0% 1% 83% 12.5% 
Teachers 5% 5% 3% 56% 31% 
In a further test Spargo asked the students in the post-graduate 
primary education group to sketch the path that a brick would 
follow if it were dropped from an aeroplane. Various items of 
landscape were included in the sketch to act as landmarks. 12 
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students completed the sketch and only 2 drew a forward parabolic 
path while 5 indicated that the brick would fall straight down. 5 
indicated that it would fall backwards away from the aeroplane. 
(b) La.bora.tory observations: 
To investigate the beliefs held by students about 
motion, McCloskey and Washburn (in McCloskey,· 
projectile 
1983) asked 
undergraduate students to walk across a room and while they were 
walking to drop a golf ball onto a target marked on the floor. 
They found that almost half of the subjects released the ball 
when they were directly over the target, apparently in the belief 
that it would fall straight down. One subject walked past the 
target before dropping the ball in the belief that it would move 
backwards while falling. More specifically, the investigators 
found that 45% of their subjects knew that. the ball would travel 
forward while falling, 49% thought that it would fall straight 
down, while 6% thought ·that it would travel backwards while 
falling. Furthermore, the strategy employed for hitting the 
target showed that subjects who had taken one course in physics 
were more likely to drop the ball before the target than those 
who had not studied physics at all. However, 27% of.the students 
who had taken physics dropped the ball directly over the target. 
In a further problem on projectile motion, McCLoskey et al (.in 
McCloskey, 1983) asked their subjects to draw the path along 
which a metal ball would fall if. it was pushed over the edge of a 
cliff at high speed. the subjects were instructed to ~gnore air 
resistance The paths on ·the ·next page were drawn · and the 
percentage of the subjects drawing that path is indicated: 
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1 l ~ 1 
5% 35% 28% 32% 
_..,_ 
In another task the students were asked to draw the trajectory of 
a bomb dropped from a plane which was travelling at high speed. 
Air resistance was to be ignored. McCloskey reports that more 
than 33% of the subjects indicated that the bomb would fall 
straight down. 
D: Velocity 
(i) In one dimension: 
In our own study we included a question which tested the idea 
that children believe that at the moment when two moving bodies 
are opposite each other during the act of overtaking, they will 
have the same speed. The possession of this belief by students 
students was first described by Towbridge and McDermott (1980) 
and although other work on the understanding of velocity has been 
done, we will concentrate on this study ~nd only mention the 
others in passing as they do not directly concern our own study. 
Towbridge and McDermott worked with 126 students from the 
University of Washington. The students were enrolled in a variety 
of introductory courses but all were doing physics. The group 
included 22 in-service teachers. To assess student understanding 
of some aspects of motion the authors used what they call the 
"individual demonstration interview" which involved the student 
being shown a simple physical situation and being asked to 
respond to a specified sequence of questions. In order to 
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demonstrate a number of linear motions they used steel balls 
which were automatically released and allowed to roll along 
straight U-shaped aluminium channels. The apparatus allowed them 
to demonstrate, in a reproducible way, two motions which the 
students were asked .to compare. The questions followed a regular 
format but allowed for the exploration of any particular aspect 
of the student's thinking that may have been of interest. Each 
interview lasted from 20 to 30 minutes and was audiotaped and 
sometimes videotaped. The dialogue was transcribed and analysed 
in detail. Over 300 individual demonstration interviews were 
conducted on a pre-and post-course basis. 
The students had to compare the simultaneous motion of two balls 
in two of the tasks. the tasks were decided upon on the basis of 
a number of exploratory interviews and a number of preliminary 
trials. In each of the two task~, in which the students were 
shown two identical balls rolling on parallel U-channels, one of 
the balls moved with non-uniform velocity. The major difference 
between the tasks was that iri the one case each ball passed the 
other while in the other case no passing occurred. 
Ts.sk 1: In this t.a.sk a ball., A,. travelled with. uniform motion 
from left to right while anothe.r ball, B, trave !led .in the same 
direction. However •. this ball had: started with a greater initial 
velocity than ball A but as it. was required to travel up a gentle 
slope it would slow down and eventually come to rest. B at first 
passed .A and was later passed by A. The students observed the 
motion. of the two balls. Initially they were shown the balls 
separately but later they saw both balls simultaneously. During 
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the interview they were asked whether the balls ever had the same 
speed. 
Task 2: Because the perception of passing is so striking and so 
much more obvious than the phenomenon of keeping the s~me 
distance apart, this task involved· no passing. In this task one 
of the balls was always ahead of the other and the balls had the 
same speed for only one instant during the demonstration. Ball B 
had the same motion as before i.e. with a high initial velocity 
up an incline and gradually decelerating to rest. Ball C was 
started from rest at a point ahead of B and accelerated uniformly 
down a gentle incline. The balls never overtook each other. Again 
the students had to decide whether the balls ever had the same 
speed. 
For our study the most important finding of the above study was 
that on.the pre-course interview 33% of the students confused the 
concepts of speed and position. The following excerpt from 





Let's look and see whether these balls ever have 
the same speed. (Balls are released.) 
It looks like they have the same speed twice. One 
is about a quarter of the length of the incline 
and then again three-quarters 
And how can you tell ? 
Because both balls reached the same position on each 
track. 
This student believes that when two objects have reached the same 
position then they must have the same speed. Another interesting 
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belief voiced by some of the students is that being ahead implies 
having the greater speed. This would follow from a belief that 
bodies have the same speed when they are next to each other. 
On the post-course interviews Towbridge and McDermott found that 
20% of the students still retained their belief that position 
determines speed. In every case in which an error was made, they 
found that students had used a position criterion to determine 
relative velocities, ie. ahead means faster, opposite means 
equally fast. 
Halloun and Hestenes (1985)(reported above on p.60) included a 
question in their questionnair~ which was designed to test belief 
about relative speed and position. They report that over 30% of 
the students in their sample believed that when two particles are 
opposite each other then they are travelling with the same speed. 
(ii) In two dimensions: 
S&ltill and Kaltranll (1980) gave two-dimensional relative motion 
problems to 700 French university students and 80 eleven year 
old children. They found that the two populations responded in 
similar ways in that they thought that velocity is an intrinsic 
property of an object and independent of a reference frame. 
Velocities would be added without taking the reference frames 
into account. The authors say that motion and velocity are 
considered as permanent physical properties of the moving body 
alone, independent of observers and tend to be defined through 
reference to the driving forces which cause them and not with 
respect to frames. The concepts of force and velocity are not 
very clearly distinguished. Furthermore, they found that 
104 
Chapter 2 Literature Review 
travelled distances and trajectories are "frozen" in space and 
independent of the observers, i.e. trajectories and distances 
travelled are considered to be independent of the position of the 
observer. Students appeared to consider two kinds of motion: true 
motion, which is intrinsic: because it has a recognised dynamical 
cause, and apparent motion which is perceived as an optical 
illusion. 
(iii) The vector nature of velocity: 
Erickson and Aquirre (1984) interviewed 20 grade ten, i.e. 15 
year old pupils, ( 9 girls and 11 boys) from Vancouver, Cahada, 
in an ~ttempt to explore their understanding of the vector nature 
of position. displacement and velocity. In 9ne of the problems, 
which involved a boat on .a river, they found that 80% of the 
pupils thought that the magnitude of the velocity component 
contributed by the motor to be changed in some way because of its 
interaction with the current. This was in spite of the .fac:t that 
the interviewer took pains to distinguish between the perceived 
resultant velocity of the boat as it moved across the river and 





To make sense out of the different methods used to investigate a 
field of inquiry which initially dealt with "mistakes" made by 
students, be they children or older, in their science studies it 
is important to consider very briefly the changing views of these 
"mistakes".. Initially these mistakes were considered to be the 
result of faulty learning due to agents such as poor textbooks, 
bad teaching, etc. so that these incorrect responses or ideas 
/ 
were considered to be conceptual mistakes and could therefo~e ~e 
considered to be misconceptions. Basic to this approach is the 
view that all instances of a concept have the same pro~rties in 
common and that these properties are necessary and sufficient to 
define the concept. A non-example of a concept is anything which 
excludes one or more of the critical properties which define the 
concept. To accept as an example of a concept a non-example is to 
display a misconception.(Markle and Tieman in Gilbert and 
Watts,1983) This view of a concept is, according to Gilbert and 
Watts(1983),the "classical" view. 
Knowledge is now assumed as being stored in the mind in 
hierarchical layers which can be broken down into smaller parts 
and studied independently. It follows that to acquire knowledge 
these hierarchical layers have to be established; progress is 
only possible once the preceding step has been mastered. 
(Gilbert and Watts, 1983.) In this way misconceptions are viewed 
as flaws in the system which have to be corrected before learning 
can occur. Researchers who subscribe to this view of concept and 
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of learning have an interest in the quantitative aspects of the 
concepts held by students. They wish to ascertain what the wrong 
ideas are so that these may be isolated, repaired and restored in 
order that proper learning can occur. They wish to explain why it 
is that wrong learning has occurred. 
According to Gilbert and Watts (1983), there are two other views 
of concepts which they call the "relational" and the "actional" 
views. The "relational" view stresses the fact that concepts do 
not exist in isolation but rather in relation to other concepts. 
An instance is judged in terms of the degree to which it is a 
member of a particular concept and the concept in terms of its 
relationship to other concepts. Word association tests and 
"semantic networks" are typical of research based on this view of 
concept 
The "actional" view considers concepts to be active, constructive 
and intentional.(Gilbert and Watts,1983.) Concepts are seen as 
ways in which experience is organized so that any new experience 
leads to a restructuring of existing concepts. The important 
thing to ~otice here is the idea that concepts are constructed 
and reconstructed by the individual. There is a dynamism present 
which is absent in the classical view. The individual's personal 
conceptions are respected and treated as his source of knowledge. 
Ideas which would have been called misconceptions by adherents of 
the classical view of concepts are here seen as ef.forts by the 
individual to make sense of his world and as such is afforded 
epistemological status and may for instance be called ''children's 
science". Researchers with this idea of concept are interested in 
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the qualitative aspects of concepts, i.e. the nature of a 
/ 
person's concepts, so that they can understand why he has the 
ideas which he has. 
Thus, it would appear then that research in this field can be 
placed on a quantitative-qualitative continuum with the aims 
changing from explaining mistakes. made by students, be they 
children or adult, to understanding why they made those 
mistakes. 
In their attempts to investigate the ways in which students and 
school children view some concepts in science, investigators have 
used a variety of methods which reflect their view of concept and 
of learning. The methods most frequently used may be grouped as 
follows: 
!.Written tasks: 
Written tasks can be subdivided into: 
(a) Multiple choice tests: 
Investigators using these tests have a classical view of concepts 
and have typically selected as their distractors responses which 
they suspect to be commonly held misconceptions or potential 
misconceptions. These are usually derived from students' answers 
to fre~ response questions in a variety of situations such as 
interviews or answers to examination questions, as well as 
interviews with teachers and the investigator's own experience. 
Furthermore, the distractors may be presented in written form or 
1 as sketches. This type of test was used by Doran, Za'rour, Helm, 
Ivowi and Halloun and Hestenes in their diagnostic test. A 
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typical example of each type of question would be: 
In the following account of the forces acting on a 
block resting on a table which statement is false? 
(a) A block at rest on a smooth table has two forces 
acting on it, viz the earth's gravitational force on 
-
it, downwards, and the force of the table on it, 
upwards. 
(b) Since no motion occurs ~ertically, these two forces 
must be equal and opposite. 
(c) From Newton's Third Law,it follows that no friction 
exists between the table and the block. 
(d) The block is in equilibrium. 
(e) The system demonstrates that forces always occur in 
pairs. (Ivowi,1984) 
and 
Which path will the ball follow after it leaves the 
track at C? 
~L -~ £ ~£ ~6 ~L -
(a) (b) (c) (d) (e) 
(Halloun and Hestenes, 1985) 
Helm (1978) points out that while the testee is restricted to 
using only the misconceptions available in the distractors, this 
need not be a serious limitation if one has drawn these' 
distractors in the way that has been described. 
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(b) Multiple ohoioe tests with reasons: 
Researchers with an "actional" view of concepts have also used 
multiple choice tests but have asked testees to supply a reason 
for their choice. This overcomes the fixed response problem and 
also provides insight in~o the thought process of the student. 
Watts and Zylberstajn (1981) collected their distractors from 
interviews using the "Interview about Instances" technique 




Now, w~ich picture do you think best shows the force on the stone when 




Multiple choice questions with reasons asked were also used by 
Whitaker (1983), in a study of projectile motion as well as by 
Maloney (1984,1985) in studies designed to discover the rules 
students use in solving problems concerning Newton's Third Law 
and problems concerning the conservation of mechanical energy. 
(c) Free response written answers: 
This technique asks the testee to give his own responses to a 
question. He may be required to write an answer 
(Viennot,1979,Saltiel and Malgrange,1980,Terry and Jones,1986) or 
to use a sketch to indicate the magnitudes and directions of 
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forces acting on a body (Clement,1982), or to sketch the path of 
a projectile.(McCloskey,1983) The following question is an 
example of the kind used: 
The sketch shows a ball which is swinging from a string. 
Draw the. path the ball will travel along when the string 
is cut at the position shown. 
(From McCloskey et al in 
McDerMott,1984) 
In what may be considered to be a further sophistication of 
written responses, Champagne et al(1980) developed what they 
called the "D.O.E." test which involves the subjects, which in 
their case were students at the University of Pittsburgh, 
observing a demonstration being carried out. They had to describe 
their observations, answer questions about the observed 
demonstration and predict further happenings before they saw 
them. The responses were reccirded in a preprinted booklet. This 
method was also used by Gunstone and White (1981) but they 
expected their subjects not only to predict the outcome of 
certain actions but also to explain any discrepancies between 
their prediction and observation. The advantage Df this method is 
that a large number of subjects can be involved at one time and a 
tremendous amount of data collected but, as Gunstone. and White 
point out, it is a problem to reduce this amount of data to 
manageable size. 
111 
Chapter 3 Method 
(d)Essay on a topic which inoludes the concept under study: 
This method tries to use the student's own ideas about a 
particular physical situation. and his own imagination to conjure 
up circumstances which are difficult to represent. The technique 
requires the identifying of the concept under discussion as 
represented in popular literature. An extract containing the.word 
which describes a concept, e.g. energy, is read to the class to 
trigger discussion and to show the non-scientific meaning of the 
word. The teacher poses a few questions but gives no answers~ The 
pupils are now required to produce some imaginative writing in 
response to an essay title given to them. The title must be such 
that a wide range of thought will be elicited. The essays are 
then collected and serve as the focal point during subsequent 
interviews with the pupils.(Moorfoot,1983.) The interview is 
recorded. The researcher asks prepared questions aimed at 
discovering the manner and extent of the scientific understanding 
of the concept. 
2.Interyiews: 
(a) The clinical interview: 
The use of this method fits pe,rfectly with an "actional" view of 
concepts. The best way to find out what anyone thinks or knows 
about something is to ask him. This· is one of the oldest 
techniques used in the exploration of children's thought and was 
used extensively by Piaget. (Sutton,1980.) The interviewer 
attempts to combine two features, i.e. that of letting the child 
talk freely while at the same time trying to probe the basis of 
his reasoning. The subject is presented with a situation which 
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may vary from 
being shown 
being asked to solve problems presented to him or 
a demonstration or being asked to do an experiment 
himself. The interview starts with open questions and acceptance 
of all answers in an attempt to follow the child's reasoning 
wh~rever it leads. Later the investigator may encourage 
elaboration of earlier answers, ask the reasons for some 
inferences made by the child and ask for predictions based on the 
situation under study, The interview is recorded and later 
transcribed. While there can be very little doubt about the fact 
that this technique really allows the investigator to probe the 
ideas of his subject in great depth, there are problems 
associated with the transcription of long interviews and the 
cat~loguing of responses,(Sutton,1980.) In spite of the problems 
is widely used by associated with this technique, it 
investigators, e.g. Terry et al(1985), Driver and 
Warrington (1985), Clough and Driver (1985), White (1983). 
The clinical interview often forms part of what can be termed a 
multifactorial approach to understanding the understanding of 
subjects and may be used in conjunction 
laboratory demonstrations. In their 
with written 
study of how 
work and 
students 
understand the concepts of velocity and acceleration in one 
dimension, Towbridge and McDermott (1980,1981) used what they 
call the "individual demonstration interview". The student is 
shown a simple physical situation and is asked to respond to a 
specified sequence of questions. While the questioning follows a 
regular format, it is possible to explore any particular aspect 
of the student's thinking that may be of interest. The interviews 
lasted from 20 to 30 minutes and were recorded and sometimes 
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videotaped. The dialogue was transcribed and analysed in detail. 
Over 300 of these interviews were conducted. 
(b)Interview about Instances: 
This technique was developed by Osborne and Gilbert and consists 
of presenting a subject with a set of line drawings that show 
situations which may or may not represent an example of the 
concept being investigated. Some borderline cases, i.e.unusual or 
unorthodox applications of the con.cept, are also presented. The 
subject is asked for his reason for each choice and wherever 
possible his own language is used. An informal conversation is 
allowed to develop around the sketches presented. Many of the 
sketches contain a dynamic element and the subject may be asked 
to predict the outcome of the situation presented. The intervie? 
allows the subject to ask questions to clarify real or perceived 
ambiguities before answering and gives flexibility in discussing 
reasons or lack of reasons for a particular answer. The pictures 
are not presented in any set way and the interview lasts for 
abou~ 40 minutes. The interview is recorded and later 
transcribed. (Osborne and Gilbert, 1980, Watts and Gilbert in: 
Appraising the understanding of science concepts) 
The following sketches show some of the cards used in a typical 
interview on force: 




.... ... ...... 
Golf ball 
,..o ... 




Is there a force on the bike ? 
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3.Laboratory ta~kSL 
In pursuing what is possibly a "relational" view of concept, the 
Physics Education Group at the University of Washington have used 
laboratory tasks to investigate student understanding of force, 
the relation between force and motion, the work-energy and 
impulse-momentun relations.(McDermott,1984.) Part of the 
investigation involved the subject using some simple apparatus to 
carry out a task which is carefully selected to reveal his 
underlying understanding of. the physical laws involved. The 
subject may be asked to use an air-hose to make an air puck 
move with constant speed. The use of a constant blast here is 
taken to be consistent with the belief that to move requires the 
constant application of a force. 
4.Computer tasks: 
DiSessa (1982) developed a series of games to investigate the 
understanding of force and motion among pupils of different ages. 
The games 
laws of 
involved moving a "dynaturtle", which obeyed Newton's 
motion, on a computer screen. The pupils were asked to 
make the dynaturtle move at different speeds and in different 
directions by applying a suitable "kick". A "kick" is an impulse 
applied to the turtle and specifies the change in velocity 
according to Newton's Second Law. The computer is programmed to 
record each keystroke and timing thereof. The subject is 
instructed in how to use the turtle and the game starts. The 
subject is allowed to ask questions and has to explain why he or 
she selects the particular strategy which he or she is applying 
at the time. The intervie~ is redorded and analysed. The recorded 
moves are viewed and included in the analysis of the protocol. 
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OUR METHOD: 
To understand the choice of an instrument designed for the 
collection of data one must have as clear an idea as possible of 
the task for which it was intended. 
Aims: 
By making use of a few selected and well studied basic concepts 
in kinematics and mechanics we wished to: 
l.determine how the frequency with which alternate conceptions 
held by South African pupils compare with those of the samples 
reported in the literature. 
2.investigate and compare the distribution of alternate 
conceptions held by South African pupils: 
(a) across standards (i.e. grades); 
(b) according to sex; 
(c) according to home language: English, Afrikaans or Xhosa; 
(d) according to geographical area, comparing the conceptions 
of children living in a city with those of children living 
in country areas. 
3.investigate the affect of increasing maturity by comparing the 
alternate concepts of a science concept held by standard 4 
pupils with those held by standard 9 pupils 
science. 
not doing 
4.investigate the effect of studying science by comparing the 
s~ience concepts of standard 9 science pupils with those of 
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Requirements of a data collecting instrument: 
Since we wished to determine the frequency with which alternate 
conceptions of a number of science conceptions were held by a 
fairly large number of sub-populations, a numerically large 
sample was required. This in turn meant that a tremendous amount 
of data would be collected and processed. As we were going to 
be: 
(a) working in schools and 
(b) using many unsophisticated subjects, ~.g. primary school 
pupils and pupils from rural schools in Transkei, some 
important constraints were placed on the data collecting 
instrument. 
From our point of view the instrument had to: 
(a) be easy to administer; 
(b) elicit responses which were easy to prepare for ~nalysis; 
(c) take about 30 to 35 minutes to complete. as this is the 
average length of a South African school period. 
From the point of view of the pupils the instrument had to be: 
(a) ·interesting enough to hold their attention; 
(b) as simple as possible in meaning i.e. clear and unambiguous 
("Child proof" in other words); 
(c) simple to complete. 
It soon became clear that our requirements would best be met by a 
multiple choice questionnaire with an accompanying well designed 
answer sheet. 
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To meet the requirements of the pupils we decided to use: 
* interesting situations; 
* as few words as possible in our distractors, i.e. no 
complicated, wordy distractors; 
* no difficult words; 
* no emotionally charged words; 
* simple and clear instructions; 
* a prepared, simple answer sheet. 
As entering a classroom and administering a test is in a sense an 
invasion of the teacher's domain we decided to compensate for 
this by taking over a whole period so that the teacher would be 
free. To enable us to do this the time required to complete our 
questionnaire had to be the length of a period, which on the 
average is 30 to 35 minutes 
As a result of a comprehensive literature survey we decided to 
investigate the ideas of our pupils in the areas of: 
(a) forces acting on bodies at rest but, with the added 
refinement of comparing the effect of the presence of a human 
in the situation with that of the situation in which a human 
is absent (Minstrell); 
(b) forces acting on moving bodies (Viennot); 
(c) forces acting in a tug-of-war situation, with and without 
motion (Watts and Zylberstajn); 
(d) the effect of height above ground on the force of gravity 
(Watts); 
(e) speed of falling bodies (Whitaker,Maloney); 
(f) the relative speeds of bodies during overtaking (McDermott); 
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(g) the paths along which bodies will fall in various situations 
(McCloskey); 
(h) and to act as our buffer against pupils completing the 
questionnaire with a lot of time to spare as well as an 
insurance against periods of differing duration, some 
questions on the relative temperatures of bodies under 
certain conditions (Driver,Osborne). 
We decided to set our problems in simple situations which would 
be ~amiliar to virtually all the pupils. In this way we hoped to 
present them with a question paper which they might find 
interesting to read and fun to answer. To depict the situation 
being used and to focus the attention of the pupils, we decided 
to use simple sketches with a simple description of what the 
sketch was attempting to show. Furthermore, we would also use 
sketches for our distractors with a very simple explanati~n of 
what the sketches were meant to show. We decided to use a 
standard multiple choice answer sheet as most children are 
·familiar with such sheets. To minimize transcribing errors, the 
number of options on the answer sheet were to be exactly the 
same as the number of options of the corresponding question. As 
we wished to know the pupil's sex, home language, age, as well as 
the standard he or she was in and whether he or she did Physical 
or General Science as a school subject, the answer sheet was 
organised in such a way that this information was also 
requested. 
A questionnaire covering the area selected was drawn up and the 
language carefully checked. In order to see whether the 
' 
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information, instructions and sketches were clearly understood by 
children, a trial run was carried out at a local private school. 
with a. group of standard 4 and standard 5 pupils, i.e. on the 
average 11 to 12 year old pupils. They were told that they should 
ask for help at any time if the instructions or questions were 
not clear to them. After the children had completed the paper, 
they were ~sked to talk about areas of difficulty which they had 
experienced. They indicated that they had had some difficulty 
interpreting the distractors on two circular motion questions and 
as a result of this the method of presentation on these questions 
was changed. The following two sketches include an example of a 
distractor which was not understood and the sketch with which it 
was replaced: 
.------··- ;.,---- ...... __ _ 
------ -+ "] -----·--·····:· 
(o) ~ 
tfr- -~- ..... _ 
, I ....._ 
A : not understood. B : replacement. 
Furthermore, it be~ame clear to us that there was a very big 
difference in the the speed with which different primary school 
children read. Some of them had no difficulty in completing the 
paper but a substantial number had difficulty finishing it in the 
prescribed time. To overcome this problem with the primary school 
pupils, we decided to present the problems to them orally with 
one of us reading the questions to them. To us it was important 
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to see that the children really enjoyed doing the paper. They 
' were quietly but intently dropping pencils and erasers, swinging 
imaginary balls around their heads and in general communicating 
interest and excitement while doing it. We might add that it was 
our experience throughout that the children in all of the 
different standards reacted in this way. 
Having satisfied ourselves that the questionnaire met with the 
requirements which we had set for it both from our and from the 
the pupils' points of view, it was translated into Afrikaans and 
the translation was checked for- scientific correctness by Mr Faan 
Jordaan of the Education Faculty at the Unive.rsity of 
Stellenbosch. A Xhosa translation was done by a local teacher who 
is Xhosa-speaking and checked by a lecturer in the African 
Languages Department at the University of Cape Town. Permission 
to work in schools under the jurisdiction of the Cape Education 
Department was requested and duly received. 
Final inst~ument: 
The final test paper (Appendix A.) consisted of four sections: 
Section A consisted of tw~lve questions dealing with forces 
acting in different situations. Questions 1,4,8 and 10 dealt with 
the notion of force required for motion, but added to this was 
... 
what we hoped would be an answer to the question of what forces 
are seen as acting, their direction as well as their relative 
magnitudes. Also present ·in questions 1 and 2 is the concept of 
gravitational force, while in question 4 the idea of frictional 
force acting on moving bodies is added. In question 8 we wanted 
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to see what children understand about the magnitude of the 
frictional force in ~tatic situations. Question ·10 looked at the 
understanding of forces involved in circular motion. Questions 
3,7,9 and 11 dealt with the ideas which children have about the 
forces acting on bodies at rest but added to this was an attempt 
to discover whether they see the same forces acting on a body if 
a human is present as part of the system. Questions 6 and 12 
' 
dealt with the forces involved in a tug-of-war equilibrium 
system. In question 6 we added the fact that one of the 
contestants was noticeably smaller than the other while in 
question 12 we had one of the contestants winning the contest.· 
.Question 5 from this section and question 5 from section B dealt 
with the idea ~hildren have that gravitational. force increases 
with height above the ground. 
Section B dealt with the relative magnitudes of the same quantity 
when possessed by two bodies which differ from each other in 
some other property. Questions 1 and 3 involved the notion of 
bodi~s with different mass falling at different speeds, while 
question 2 deals with the idea that bodies of different mass will 
reach different heights when projected upwards with the same 
initial speed. These three. questions obviously deal. with free 
fall and childrens' ideas about. this concept. We have not found 
any reference to the idea tested in question 2 in the literature 
and we therefore believe that the results of this question will 
constitute an original contribution to work in this field. 
Question 4 dealt with the idea which children have about relative 
speeds during overtaking. As mentioned earlier,. question 5 tested 
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the idea that the force of gravitational attraction increases 
with height above the ground. 
Section C asked children to identify the path along which objects 
would be seen tb fall under certain conditions. Questions 1, 4 
and 6 asked for the path of a freely falling object which had an. 
initial horizontal velocity, as seen by a stationary observer. 
Question 2 asked for the observer's perception of the path along 
which an object would fall while he or she is moving with the 
object. In questions 3,5 and 7 an observer is asked to identify 
the path along which a projectile which initially travelled in a 
circle would travel when it is released. We looked at this in 
three different situations, one of 
projectile, to see to what 
situation-specific. 
which involved a child as the 
Section .o was, as 
tested some ideas 
extent 
mentioned earlier, our 
which children have 
the response is 
buffer section and 
about the relative 
temperatures of boiling liquids, the temperatures of different 
materials under the same conditions, as well as an identification 
bf the products formed when water boils. Questions 1 asked the 
pupils to compare the temperature of a liquid which is boiling in 
two different containers. One container contained double the 
volume of liquid in the other one. Question 2 asked the pupils to 
compare the temperature of the liquid in two containers which 
differed from one another in that one container was warmed by two 
flames while the other only had one flame warming it. In question 
3 the pupils were asked to compare the readings on two 
thermometers which are placed in different positions in the same 
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beaker of boiling water. Question 4 asked the pupils to compare 
the temperatures of plastic and metal under the same conditions, 
while question 5 dealt with the products of boiling water. 
Validity and Reliability: 
According to Magnusson (1966,p.59.) data collected should be 
meaningful and reproducible. The test instrument must measure 
what it is intended to measure and on repeated measurements.it 
must yield the same results~ To ensure that the test did indeed 
test for the presence of alternate ideas it was shown to some of 
our colleagues. They agreed that the distractors presented were 
indeed different ways of responding to the task which was set: In 
this way the face validity of the test was established. Our 
colleagues were also invited to check the wording of the 
questions for ambiguities .. 
With the exception of Doran (1972) no other researchers in this 
field have published reliability estimates for their instruments. 
There are very good reasons to accept that the usual statistical 
tests for test reproducibility are not appropriate in tests of 
this kind. As Helm (1978) points out: 
1. the test was not designed to discriminate between pupils 
but rather to find out whether they could carry out 
certain tasks; 
2. the tasks consisted of the pupil indicating his choic~ 
out of a number of alternate possibilities. 
Furthermore, in our case the test covered concepts which some of 
the pupils would have d~alt with to some extent while others 
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would not have dealt with it at all. We were in a real sense 
interested in their "intuitive"- ideas about the situations 
presented. 
There can be no doubt that this test covers a number of domains 
of knowledge and not just a single one. The concept of internal 
consistency cannot apply to it. In any case, the real interest 
lies in the distractors selected and the intention of the test 
was to find out how widely some 
are held. Helm (1978) is of the 
of the alternatives present~d 
opinion that the concept of 
internal consistency is inappropriate to this· kind of test. 
However, while it is true that the traditional methods of 
~eliability testing such as split-half or Ruder-Richardson 
methods are inappropriate in our test, this does not mean that 
some estimate of reliability is impossible. We were anxious to 
retest a number of pupils on the same test within a short while 
after they had written the test and then compare their answers. 
However, this was impossible to do because of the time factor. We 
are of the opinion that the results will show that the frequency 
with which some of the alternatives were selected will indicate 
consistency in responses across quite divergent groups and that 
this may be taken as an indication of the reliability of the 
instrument. 
$ample: 
To allow us to investigate the problems which were of particular 
interest to us, we selected to work in: 
* what we considered to be schools catering for the middle 
income group; 
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* the middle ability class in each standard; 
* four English medium co-educational primary schools in Cape 
Town; 
* four Afrikaans medium co-educational primary schools in Cape 
Town; 
* four Afrikaans medium co-educational primary ,schools in the 
Western Cape area. ~These will be referred to as country 
schools as they are well out of Cape Town. 
* four English medium co-educational high schools in Cape 
Town; 
* four Afrikaans medium co-educational high schools in Cape 
Town; 
* four Afrikaans medium co-educational high schools in the 
Western Cape area to be part of the country schools sample; 
* four co-educational primary schools in Transkei 
* four co-educational high schools in Transkei. 
The principals of the schools selected in the Cape were visited 
personally and permission to work in their school requested. 
They were all very helpful and testing started towards the second 
week in September 1986. Due to the fact that the .Department of 
Education in the Cape Province does not allow data collection in 
its schools in the fourth . term of _ the schoo 1 year, i.e. 
October-December, one of the Afrikaans schools selected had to be 
omitted 
With regards to Transkei schools, a formal request to work in 
these schools was granted without hindrance. The schools 
concerned were visited in person. Again we were most cordially 
received. Unfortunately we could not work in any high schools in 
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the Transkei as their public examiriations had started and so we 
had to be satisfied working with standards 4, 5 and 6 only. In 
the Cape the selection of the middle ability class in each 
standard in each school was left up to the Head of the Science 
department. In Transkei this was not possible as all the pupils 
in a particular standard are in the same class. 
Statistics of the sample: 
The final sample was made up as follows: 
Number of pupils tested in the Cape = 1834 
Number of pupils tested in Transkei = 492 
Total number of pupils tested = 2326 
This grand total of 2326 is broken down as follows: 
STANDARD ORIGIN AREA LANGUAGE SEX 
Boys Girls Total 
4 Cape Town Afr. 33 56 89 
Eng. 43 54 97 
Other 2 0 2 
Total 78 111 189 
Country Afr. 37 44 81 
Eng. 7 3 10 
Other 1 0 1 
Total 45 47 92 
Transkei Xhosa 74 78 152 
5 Cape Town Afr. 45 62 107 
Eng. 50 48 98 
Other 2 1 3 
Totals 97 111 208 
Country Afr. 33 42 75 
Eng. 4 5 9 
Other 1 1 2 
Totals 38 48 86 
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6 Cape Town Afr 45 42 87 
Eng. 41 58 99 
Other 0 1 1 
Total 86 101 187 
Country Afr. 31 45 76 
Eng. 5 3 8 
Other 2 1 3 
Total 38 49 87 274 
Transkei. Xhosa 72 77 149 
7 Cape Town Afr. 41 41 82 
Eng. 69 58 127 
Other 0 3 3 
Total· 110 102 212 
Country Afr. 50 47 97 
Eng. 1 0 1 
Other 0 0 0 
Total 51 47 98 310. 
8 Cape Town Afr. 47 28 75 
Eng. 63 34 97 
Other 6 1 7 
Total 116 63 179 
Country Afr. 48 34 82 
Eng. 0 0 0 
Other 0 0 0 
Total 48 34 82 261 
9 Cape Town Afr. 77 73 150 
Eng. 62 55 117 
Other 1 0 1 
Total 140 128 268 
Country Afr. 72 61 133 
Eng. .6 4 10 
Other 0 3 3 
Total 78 68 146 414 
Transkei Xhosa .8 17 25 
9 Cape Science 142 93 235 
No Sci. 75 104 179 414 
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Testing procedure: 
At the start of the test the children were told that they were 
part of an investigation designed to look into why children find 
it difficult to learn Science. "Some teachers think that children 
are like buckets and that all that they have to do is to pour 
water into the bucket and that it will get full, but as you know, 
the buckets have got lots of holes in them and no matter how hard 
we try, we just cannot get the bucket full. Now we think that 
some of the holes are ideas which you already have about Science 
and what we want to do is to find out what these ideas are so 




working with them. 
already know about 
and answer sheet was 
sheet completed. 
Take time and find out from them 
the topic that you are teaching". 
then handed out and the answer 
With the primary school groups some time was now spent 
explaining to them what the different arrows on the diagiams 
meant - especially those which indicated a size relationship. A 
small boy or girl was called up to the front of the class and-an 
arrow was drawn on the board to represent his or her height. The 
pupils were then asked what the arrow which we should use to show 
my height should look like and they would respond by saying 
"longer".They were then asked what I should do to show that 
someone was twice as tall as.the little boy or girl being used in 
the demonstration. It was clear to them that the arrow should be 
twice as long as the one on the board. They were then told how we 
had shown this in the test. The test was then read to them, 
question by question while they followed it on their paper. 
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Whenever the word force was used, we would read it as such and 
then refer to it as a push or a pull whose presence, size or 
direction was asked for. Initially the meaning of the different 
distractors was explained to them until we were sure that they 
understood it perfectly. For the first few questions they were 
also told how to use the answer sheet. This presented no problem 
with the children in Cape schools but was a major problem in 
Transkei schools. The pupils ·in these schools quite clearly had 
difficulty in understanding the instructions about completing the 
answer sheet. While the teacher read the questions to them, we 
spent a considerable amount of time ensuring that the pupils were 
using the answer sheet correctly. Some of the children took a 
very long time to get the idea, but by and large they did after 
much effort from the teacher. It was very clear that they are not 
used to multiple choice tests. The result was that while all of 
the children in the primary schools in the Cape finished the 
paper in about 35 minutes, it took a lot longer in ·Transkei 
schools. 
In the high schools the children were told to ask me if at any 
time they did not understand ~omething on the paper. The children 
did the test by themselves. This provided a small problem as in 
standard 6 some of the children .did not finish the test in the 
allotted time. In Transkei the problem was a bigger one as they 
had the added problem of the ariswer sheet. However most of the 
paper was done by most of the children. The next problem group 
was, strangely enough, the standard 9 science group most of whom 
really struggled to .finish in time. Perhaps they looked for 
catches in the answers. As we have mentioned above, we could not 
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help noticing how the great majority of the children really 
enjoyed doing the test. As an example of their interest I would 
like to mention an incident which occurred when we were working 
with a particular class of primary school children: the bell went 
for break but they insisted that we finish. We suppose that it 
would have been hoping for the impossible to think that a project 
involving such a large number of schools would go off without a 
" 
hitch and in this respect we were not disappointed: we had a bomb 
scare at one school and at another a sudden change in the length 
of the periods for that day caused an unexpected crisis. 
The information required about each child as well as the answers 
to the questions were now transcribed onto a form to be used for 
the punching of computer cards, a repetitive and boringly tedious 
task. The data was analysed using the Biomedical Data Processing 






FORCE AND MOTION 
Overview 
We used questions A1, A2, A4 and A 10 to investigate the beliefs 
our pupils have about the presence of a force acting in the 
direction of motion of a body. Furthermore, questions A1, A2 and 
A4 contain options which indicate the presence of the 
gravitational force. This may enable us to discover something 
about tHe beliefs pupils have about the presence of this force in 
the situations presented to them. The general area of interest 
covered by the questions is that between force and motion, i.e. 
it is an investigation into the belief that pupils have that for 
a body to move there must be force acting on it in the direction 
of motion. Each of the questions contains >a number of options 
which include a force in the direction of motion. 
In a comparable study by Watts and Zylberstajn (1981) (see p.70) 
the authors find that about 85/. of their sample associate force 
with motion. Osborne (1985) (see p.72 ) finds that 46/. of 13 year 
old pupils, 53/. of 14 year olds and 66/. of 15 year olds 
tonsistently hold the view that motion implies a force in the 
direction of motion. He further finds that 55/. of 16 year old 
pupils hold the same idea. 22/. of his sample select the correct 
option. McCloskey et al (see p.69 ) find that 93/. of the high 
school pupils in their sample hold the view that ~otion implies a 
force in the direction of motion before instruction in physics 
while 80/. of postcourse pupils still have this idea. 
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Results: 
If we add the fr-equencies with which options which indicate a 
for-ce in the dir-ection of motion of the object ar-e selected for-
each of the questions, we get the total fr-equency of pupils who 
exhibit the belief that motion implies a for-ce in the dir-ection 
of motion for- that par-ticular- situation. The following gr-aph 
compar-es the fr-equency with which options whieh include a for-ce 
in the dir-ection of motion ar-e selected by pupils for- the 
differ-ent situations pr-esented in these four- questions: 
Fr-om the gr-aph it is clear- that this idea is ver-y popular- with 
pupils. At the same time it also appear-s that the extent to which 
it. is exhibited depends on the context or- the situation in which 
it is pr-esented. 
Our- r-esults compar-e ver-y well with those r-epor-ted by Watts and 
Zylber-stajn and McCloskey et al., but is in shar-p contr-ast to 
that r-epor-ted by Osbor-ne. While he finds that 22% of his sample 
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select the correct options, we find on questions Al, A2 and AlO 
that only between 6% and 9% of the total sample select the 
correct answer. Furthermore, on these questions there is very 
little difference in the frequency with which the correct answer 
is selected by pupils in the different standards. In these 
questions the object is depicted as actually moving while in 
question A2 a ball which has been thrown upwards is actually 
standing still at the top of its flight. Ih this question the 
correct option is selected by 18% of the total sample and again 
there is very little variation in the frequencies with which this 
option is selected by pupils in the different standards. The main 
difference between our study and that of Osborne is that he only 
used three distractors while we use five and by so doing we 
probably catere for more beliefs about the nature of the 
interaction between force and motion. 
Furthermore, questions Al and A4 contain options which suggest 
that the force in the direction of motion is larger than the 
retarding force. 67% of the pupils tested exhibit this belief on 
question Al while 78% of the pupils do so on question A4. That so 
many of them selebt these options on A4 may be something of an 
artefact as they were not presented with options which include a 
force smaller than the retarding force. Nevertheless it is clear 
that a sizeable number of the pupils are of the opinion that the 
force in the direction of motion is larger than any retarding 
forces. 
Questions Al, A2 and A4 also include options which allow pupils 
to provide evidence of knowledge of the presence of gravitational 
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forces. The following graph compares the frequency with which 
options which did not include gravitational force a~e selected by 
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From the graph it i~ quite clear that knowledge of the presence 
of gravitational force depends heavily on the ·situation 
presented. This is especially clear in the case of standards .8 
and 9. It also appears that for any one of the situations 
\ 
presented to them the standard 6 pupils ignore the presence of 
the gravitational force to a larger extent than any of the other 
groups. 
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The same general picture of the situation-dependence of the 
knowledge of the presence of gravitational forces is present in 
the selection of options which ignore gravity by pupils in 
Transkei, as the following graph shows: 
G:ravity igno:red 
By question a.cl'Oss sta.nduds. 




The following graph compares the frequency with which boys and 
girls in Cape schools select options which ignore ~ravity. 
G:ravity igno:red. . ,... 
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This graph again demonstrates that the situation presented is 
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important in recognising the presence of the gravitational force. 
On A2 and A4 there are fairly large difference between boys and 
girls. Boys and girls respond differently to the same options. 
The following graph compares the frequency with which pupils in 
standards 4, 5 and 6 in schools in the Cape and Transkei ignore 
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While it is clear that the Cape pupils as a group respond fairly 
consistently across the different questions, the Transkei pupils 
again show the affect of the situation on recognising the 
\ 
presence of the gravitational force. In general pupils in Cape 
schools are more aware of the presence of this force than their 
counterparts in Transk&i. 
Question AlO deals with some of.the ideas about circular motion. 
It is quite clear that pupils are of the opinion that there must 
be a force pushing the ball around in a circle. This force is 
seen to act in conjunction with both outward and inward acting 
forces. 
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We find that while the pupils overwhelmingly select options which 
indicate a belief in a link between force and motion, different 
options are preferred by the different standards. The frequency 
of selection of the different options changes with the standards 
but the general picture remains remarkably the same as far as the 
pupils' fundamental belief of force in the direction of motion is 
concerned. 
We find that pupils in standards 4, 5 and 6 in Cape and Transkei 
schools share a belief that force is necessary for motion, but 
this belief is 
Furthermore, 
gravitational 
not quite as firmly held by the Tianskei pupils. 
Transkei pupils tend to ignore the presence of 
force to a greater extent than Cape pupils. 
Transkei pupils also select the correct option more often than 
Cape pupils. On A 10, the question which deals with the forces 
involved in circular motion, the two groups differ in that more 
Transkei pupils select the correct option and in that Cape pupils 
prefer a force in th~ direction of motion linked to centrifuial 
and centripetal forces while options linking the force in the 
direction of motion with a centrifugal force is not as popular 
with Transkei pupils. 
We find that only on Al do Afrikaans-and-English-speaking pupils 
differ to any extent in the frequency with which they select the 
different options. On this question Afrikaans-speaking pupils are 
more aware of the presence of the gravitational force and more of 
them select a force larger than the gravitational force in the 
direction of motion than the English-speaking pupils. On the 
other questions there are no noteworthy differences in the 
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frequencies with which Afrikaans and English pupils select the 
different options. 
We find that while boys and girls in the Cape do not differ in 
the frequency with which they select the correct options, they do 
differ in the options which they prefer. Girls tend to ignore the 
presence of the gravitational force more than boys do. On A 10 
girls are more aware of the presence of centripetal force than 
boys. 
We find no noteworthy differences in the frequencies with which 
boys and girls in Transkei select the different options on all of 
the questions. 
We find no noteworthy differences in the frequencies with which 
Afrikaans-speaking pupils from town and country areas select the 
different options on all of the questions. 
We find no noteworthy difference in the frequencies with which 
the correct options are selected by standard 4 and standard 9 
pupils who do not do science. The two groups do differ though in 
~he selection of th~ other options. 
We find no noteworthy difference in the frequencies with which 
the correct options are selected by pupils in standard 9 who do 
science and who do not do science. The two groups differ though 
in the frequencies of selection of their preferred options. 
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Question A 1 
The sketch shows a girl 
throwing a ball vertically 
upwards. The sketch which 
best shows the forces acting 
on the ball immediately 
after it has left the girl's 
hand, is: 
(a) ( b) ( c ) 




. ( d ) (e) 
The following graph shows the frequencies with which the 
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Note: 
1. Only 6.3% of the pupils select c~ the correct option. 
2. 34% select a, the option which e~cludes the for~e acting 
against the motion of the ball; .i~e. the gravitational force. 
3. 33% select b, the option which includes gravitational force 
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but with a fo~ce la~ge~ than g~avity in the di~ection of 
motion. 
4. 12/. select d, the option which includes g~avitational fo~ce 
but with a fo~ce smalle~ than g~avity in the direction of 
motion. 
5. 14,7/. select e, the option which suggests that the fo~ce 
acting in the di~ection of motion is as la~ge as the 
g~avitational fo~ce. 
Thus, ove~all 93,7/. of the pupils select options which indicate a 
belief in a fo~ce acting in the di~ection of motibn of the ball. 
Fu~the~mo~e, 34/. of the pupils do not conside~ the fo~ce of 
g~avity to be acting on the ball. What is inte~esting f~om the 
data is that although a la~ge numbe~ of the pupils select the 
option which indicates that the fo~ce in the di~ection of motion 
is la~ge~ than g~avity, 12/. conside~ed it to be smaller and about 
15/. conside~ed it to be as la~ge. 
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(b) According to standard: 
l.In the Cape: 
The 'following graph compares the frequencies 
different options are. selected by pupils in 
standards in schools in the Cape. 
with which the 
the different 
A 1 













b c d e 
Options 
B Std.o 1::::;:::;:::1 Std.6 - Std.7 
D Std.Q s 11111111 Std.Q Ns 
1. The frequencies with which the different options are selected 
are very similar for: 
(i) standards 4 and 5 
(ii) standards 6 and 7 and the standard 9 no science group. 
2. Standards 6 and 7 differ markedly from standards 4 and 5 in 
their selection of option a, the option which ignores . the 
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presence of gravity. The standards 6 and 7 pupils select this 
option in preference to the others. The reason for this is 
unclear. 
3. The standard 9 group who do not dci · science alsd ignore 
gravity 
4. The standard 8 and standard 9 science group overwhelmingly 
select option b, the option which includes gravity with a 
force larger than gravity acting in the direction of motion. 
5. The frequencies with which c, the correct option, is selected 
is very similar for all the groups and ranges from only 1% to 
5%. 
(2) In Transkei~ 
The following graph compares the frequencies 
different options are selected by pupils in 
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4 = Std.4 
5 = st.d.S 
6 = Std.6 
with which the 
the different 
1. Option a receives overwhelming support from standards 4 and 5 
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and to a lesser extent from standard 6. It is clearly the most 
popular option. This may indicate an increased awareness of 
the presence of the gravitational force from standard 4 
through to standard 6. 
(c) Comparison between the Cape and Transkei: 
The following graph compares the frequencies with which the 
different options are selected by standards 4, 5 and 6 pupils in 
the Cape and Transkei. 
A 1. 
Cape vel's us Tl'anske i . 
T = T!'anskei 
c = cape 
Note: 
1. There is a very large difference in the frequencies with which 
option a is selected by the two groups: 44,4% by Transkei 
pupils against 31.2%. of Cape pupils. 
2. The correct option, c, is selected by 18% of Transkei pupils 
as opposed to 1,8% Cape pupils. As we have mentioned before 
(p.130) the pupils in Transkei had great· difficulty in using 
the multiple choice answer sheet and it may well be that what 
we are seeing here is the effect of guessing by some of the 
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pupils especially as this is the first question on the 
questionnaire. 
3. The two groups have different preferences for the options 
presented to them. 
(d) Comparini lanauaae aroups in the Cape: 
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E = Eng I ish 
frequencies 
in the Cape 
with which 
select the 
1. The only noteworthy difference between the groups lies in the 
selection of options a and b. 36% of English-speakers ignore 
the presence of gravity as opposed to 28% of Afrikaans-
speakers. 43% Afrikaahs-speakers select a force larger than 
gravity in the direction of motion as opposed to 31% of 
English-speakers. 
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(e) Comparing the sexes: 
1.· In the Cape: 
The following graph compares the frequencies with which boys and 
girls in Cape schools select the different options. 
A 1. 
% L7il," 
Boys vel'Sus Ci:rls. Cape, 
B B = Boys 
F ~"'" 
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Note: 
1. It is only on option b that there is a ·noteworthy difference 
between the selections of boys and girls with 41% of boys 
selecting this option as opposed to 32% of girls. 
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2. In Transkei: 
The following graph compares the frequencies with which boys and 
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1. The only real difference between boys and girls in this group 
appears to be in the frequencies with which option c is 
selected; 14/. of the boys select this option as opposed to 21/. 
of the girls. It is very possible that the girls are 
guessing. 
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(f) Comparing pupil5 from Town and Country areas in the Cape: 
The following graph compares the frequencies with which 
Afrikaans-speaking pupils living in Cape Town and country towns 
select the different options. 
Note: 
A 1. 
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1. The distribution of the frequenc~es with which the two groups 
select the various options is very similar. 
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(g) Comparing some standards: 
1. Standard 4 and standard 9 11 no science 11 group. 
The following graph compares 
standard 4 pupils and standard 
select the different options. 
the frequencies with which Cape 
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4 = Std.4 
9 = Std.9 
Note: 
1. 40/. of the standard 9 group select a, the option which 
excludes gravity as opposed to 27/. of the standard 4 group. 
2. 25/. of the standard 4 group select e, the option which 
suggests that the fbrce upward and the for~e downward are 
equally large while only 10/. of the standard 9 group select 
this option. 
3. 5/. of the standard 9 group select c, the correct option as 
opposed to 2/. of the standard 4 group. 
4. 18/. of the standard 9 group select d, the option which 
suggests that the force upwards is smaller than gravity while 
only 12/. of the standard 4 group select this option. 
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2. Standards 4 . 7 and 9 "science group. " 
The following graph compares the frequencies with which standard 
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Note: 
1~ A clear majority of the standard 9 group select b, the option 
2 I 
which includes gravity acting in conjunction with a larger 
force in the direction of motion, while the majority of 
standard 7 select a, the option which excludes gravity. 
Interestingly, the standard 4 group are about evenly divided 
between a and b, with 27% and 34% respectively selecting the 
optiqns. Only 26% of the standard 7 group select option b. 
Option c, the correct option, is selected by 4% of the 
standard 9 group, 5% of the standard 7 group and 2% of the 
standard 4 group. 
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3. Standard 9 science pupils and standard 9 pupils who do not do 
science : 
The following graph compares 
9 pupils doing science and 
select the various options. 
the frequencies with which standard 


















Std.9. Science versus non-science. 
Hs = Ho science group 
S = Science group 
1. The main difference between the two groups lies in the 
frequencies with which options a and b are selected. The II .,.. 
majority of the science group select b, indicating that they 
are aware of the presence of the gravitational force to a 
larger extent than the non - science group. 
2. There is no noteworthy difference in the frequencies with 
which c, the correct option, is chosen by the two groups. 
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(h) Selection of individual option•• 
The following graph shows how the individual options are selected 
by the different standards in the Cape. 
A 1· 
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Standard 
-+- Option b -+- Option o -e- Option d 
1. The popularity of option b reaches a sharp peak with the 
standard 9 science pupils. 
2. Option a is a popular choice with standard 6, 7 and 9 no 
science pupils. 
3. Option c is unpopular with pupils in all of the standards. 
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Summary: 
1. As far as the overall picture is concerned we find that: 
93.7'l. of the pupils select options which indicate a belief 
that a force is acting in the direction of motion of the 
ball; 
the correct option is selected by only 6.3'l. of the pupils; 
34'l. of the pupils select option a, the option which excludes 
the presence of the force acting against the direction of 
motion of the ball; the gravitational force. 
2. When we compar& the frequencies with which the different 
options are select&d by pupils in the differ&nt standards in 
schools in the Cape, we find that: 
the different standards select the different options with 
differing frequencies. Of interest is the comparison between 
Cape standard 4 and 5 pupils on the one hand and standard 6 
and 7 pupils on the other hand, in their ideas concerning the 
presence of a force opposing motion in this case. We also find 
that there is little difference in the frequencies with which ... 
the correct option is selected by the different groups. • 
In Transkei we find that a sizeable fraction of the standard 4 
and 5 pupils do not consider the presence of a force acting 
against the motion of the ball in this situation. We also find 
that considerably more Transkei pupils select the correct 
option than their counterparts from the Cape. This may be due 
to guessing. 
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3. We find that English-and-Afrikaans-speaking pupils differ 
slightly in their choice of options a and b, with sli~htly 
more Afrikaans-speaking pupils selecting the options which 
include gravity. 
4. We find that boys and girls in Cape schools differ slightly in 
their choice of options. More boys select options which 
include gravity. In Transkei this trend appears to be the 
other way around as fewer boys appear to select options which 
include gravity. 
5. We find that there is no real difference in frequencies with 
which Afrikaans-speaking pupils living in Cape Town and in 
country towns select the different options. 
6. We find that standard 4 pupils differ from standard 7 and 
standard 9 pupils who do not do science in that·the standard 4 
group seem to be more aware of gravity. The standard 9 science 
group select options including gravity more frequently than 
any of the mentioned groups with the standard 8 group finding 
options containing gravity a little less ~ttractive. 
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Question A 2 
The following sketch shows 
a girl who has used a bat to 
hit a ball vertically upwards. 
The sketch which best shows 
the forces acting on the ball 
when it has reached its highest 
point and just before it starts 
to fall back to the ground, is 
t 
(a) (b) (c) 
(a) The overall picture: 
0 
(d) (e) 
The following graph shows the frequencies with _which the 








1. Although the selection of options is fairly evenly 
distributed, option a, the option which suggests that two 
forces of ~qual magnitude are acting on the ball, is sele~ted 






2. Option b, 
pupils. 
Force and Motion Question A 2 
the correct option is selected by 19/. of the 
3. Option c which suggests that the upwards force is smaller than 
the downwards force is selected by 18/. of the pupils. 
4. Options d and e, whfch both ignore the presence of gravity, 
are selected by a total of 35/. of the pupils. 
5. Options a,c,d and e all suggest a force in the direction of 
motion of the ball and are selected by 81/. of the pupils~ 
6. Options a, b and c suggest the presence of gravity and are 
selected by 65/. of the pupils. 
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(b) According to standard: 
1. In the Cape: 
The following graph compares the frequencies with which 
different options are selected by the different standards 
schools in. the Cape. 
A2 
Cape: According to standard 
0% 
a b c .d e 




1. There is a reasonable amount of variation in the frequencies 
with which the different groups select option a. The 
frequencies with which standard 4, 7 and standard 9 science 
pupils select option a is very similar and in the region of 
33% of each of the groups •. About 23% of the standard 6 pupils 
and the standard 9 pupils who do not do science select option 
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a while about 27% of the standard 5 and standard 8 pupils 
select this option. 
2. The variation in the frequencies of selection of option b, the 
correct option, , is less than that for option a. It is least 
popular with the standard 4, 5 and 6 and 7 pupils and in the 
region of 17% while with the ·standard 8 and both the standard 
9 groups it ~s selected by about 20% of the pupils. 
3. Option c, the option which suggests that there are two forces 
acting on the ball, a force acting against the direction of 
its motion and a smaller one in the direction of its motion, 
is the next most popular choice of the standard 4 pupils with 
25% of them selecting it. About 20% of the standard 5, 6, 7 
and standard 9 "no science" pupils select this option. 16% of 
the standard 8 pupils and 11% of the standard 9 science pupils 
select this option. 
4. There is a big variation in the frequencies with which the 
different groups select option d, the option which suggests 
that the only force acting on the ball is a small force in the 
direction of its original motion. It is least popular with the 
standard 9 
7%. It is 
science pupils who select it with a f~equency of 
most popular with the standard 6 pupils who select 
it with a frequency of 24% Pupils in standards 4, 5 and 8 are 
very similar in their selection of this option. About 10% of 
these pupils select this option. In the standard 7 group 17% 
of the pupils select this option while 21% of the standard 9 
"no science" group select this option: 
5. Option e which suggests that no force acts on the ball when it 
is standing still, is selected by about 17% of the pupils in 
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standards 4, 6, 7 and the standard 9 "no science" group. 
About 25% of standards 5 and 8 pupils select this option while 
29% of the standard 9 s~ience pupils do. 
2. In Transkei: 
The following graph compares the frequencies 
different options are selected by pupils in 











According to standard.Transkei 
4 = Std.4 
5 = Std.5 
6 = Std.6 
with which the 
the different 
1. There is a reasonable amount of variation in the frequencies 
with which the different groups select the different options. 
2. Option e, the "no force" option, is the least popular with the 
groups, the frequencies of selection being 4% for standard 6 
pupils and 10% for stand~rd 4 pupils; 
3. Option d is a popular option with 40% of standard 5 pupils 
selecting it. This is their preferred option. 
4. The selection of option c shows the largest difference in the 
frequencies of selection by the pupils in the different 
standards. The standard 6 group select this ·option with a 
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frequency of 6% and the standard 4 pupils with a frequency of 
13% 
5. There is very little difference between standards in the 
selection of option b. A fairly large group of pupils in each 
of the standards, ranging from 28% for standard 4 to 22% in 
standard 6, select this option~ 
6. As in the case of option b, the pupils in the different 
standards differ very slightly in their selection of option a, 
ranging from 20% for standard 4 through to 25% for standard 
6. 
7. The responses of the standard 6 group is evenly spread across 
options a, b, c and d while there is a large degree of 
variation in the frequencies with which these options are 
selected by the standard 4 and standard 5 groups. 
(c) Comparison between the Cape and Transkei: 
The following graph compares the frequencies with which the 
different options are selected by standard 4, 5 and 6 pupils in 
the Cape and Transkei. 
A 2. 
,y .§P." 
.1'. .1'11, il .1" 
Cape ve:rsus T:ranskei. 
c = Cape. 
T = T:ranskei . 
l' 






.tl c tf 
~pl.ions 
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Note: 
1. There is a large difference in ~he frequencies with which 
pupils from the_two groups select the different options. 
While 25% of Transkei pupils select b, ~he correct option in 
this case, pnly 16% of Cape pupils select it. Option d, the 
option which suggests that the only force acting on the ball 
is a small force upwards, is selected by 31% of Transkei 
pupils while only 14% of the pupils in the Cape select it. On 
the other hand, option e, which_suggests that when the ball i~ 
standing still at the top of its flight there are no forces 
acting on it, is selected by 19% of the Cape pupils and by 
only 7% of Transk~i pupils. 
2. The presence of the force of gravity is ignored by 38% of 
Transkei pupils and 33% of Cape pupils. 
3. Force is thought to act in the direction of motion by 84% of 
Cape pupils and 75% of Transkei pupils. 
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(d) Comparing language groups in the Cape: 














Ar:rikaans ve:rsus English. 
A = Af:rikaans. 
A E = English • 
frequencies 
in the Cape 
Question A 2 
with which 
select the 
1. There are no noteworthy differences in the ~req~encies with 
which the pupils in the two groups sel~ct the different 
options. 
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(e) Comparing the sexes: 
1 . In the Cape : 
The following graph compares the frequencies with which boys and 




Boys vel'S us Girls. Cape. 
B = Boys • .F C = Girls • 
.Jf .18.8 
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1. There are small differences in the preference which boys and 
girls have for options a through to d, but there is a very 
substantial difference in the selection of option e, the "no 
force" option. This is selected by only 14% of the girls while 
27% of the boys select it. 
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2. In Transkei: 
The following graph compares the frequencies with which boys and 
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1. While the frequencies with which the p~p.ils from the two 
groups select options a, b, d_and e do not differ very 
greatly, this is not true for option c. This option is 
selected by 18% of the boys and 11% of the girls. 
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(f) Comparing pupils from Town and Country areas in the Cape: 
The following graph compares the 
Afrikaans-speaking pupils living in 
towns select the different options. 
A 2. 
% Town ve~us CountFY. Af~ikaans. 
frequencies with which 
Cape Town and in country 














C = Counti'Y 
1. The frequencies of selection of the different options is very 
similar for the two groups. 
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(g) Comparing some standards: 
1. Standard 4 and standard 9 " no science " group. 
The· following graph compares 
standard 4 pupils and standard 
select the different options 
the frequencies with which Cape 


















Std.4 versus std.9 non-science • 
4 9 = Std.9 nno science• • 
4 = Std.4 • 
c 
t'Piions 
1. With the exception of option e, there is considerable 
difference in the frequencies with which the different groups 
of pupils select the different options. 
2. While the frequency with which each of the different options 
are selected are fairly evenly spread across the options for 
the standard 9 pupils, this is not true for the standard 4 
pupils who.prefer option a and find option d unattractive. 
3. Although more of the standard 9 group select the correct 
option, the standard 4 group appear to be more aware of the 
presence of gravity, with options a,b and c being select by 
73% of this group as opposed to 62% of the standard 9 group. 
4. 91% of the standard 4 pupils select options which suggest a 
belief in the presence of a force in the direction of motion 
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as apposed to 79/. of the standard 9 group. 
2. Standards 4, 7 and 9 " science group" • 
• 
The fallowing graph compares the frequencies with which Cape 



















Std.4, 7 and 9 science. 





1. Option a is selected with very similar frequencies by the 
different groups of pupils. 
2. There is a steady increase from standard 4 through to standard 
9 in the frequency with which pupils in the different groups 
select aptian b. 
3. There is an equally steady decrease from standard 4 through to 
standard 9 in the frequency with which the pupils in the 
different groups select aptian c 
4. Pupils from the standard 4 and standard 9 groups find aptian d 
unattractive, while about 17/. of the standard 7 pupils select 
this aptian. 
5. About 17/. of the pupils in the standard 4 and standard 7 
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groups select option e, while this option is selected by 29/. 
of the pupils in the standard 9 group. 
6. The presence of gravity is ignored by 26/. of the standard 4 
pupils, 34/. of the standard 7 pupils and 36/. of the standard 9 
pupils. 
3. Standard 9 science pupils and standard 9 pupils who do· not do 
science: 
The following graph compares the frequencies with which standard 
9 pupils who do science and standard 9 pupils who do not do 
science select the different options. 
A 2. 












1. It is quite clear that with the exception of option b, pupils 
from the two groups select the different options with very 
different frequencies. 






Force and Motion 
:(h) Selection of individual options: 
Question A 2 
The following graph comp~res the frequencies with which the 
~ndividual options are selected by pupils across the standards. 
A2 
Cape: Selection of individual options 
Std.4 
Option a 
~ Option e 
Std.5 Std.6 Std.7 Std.8 Std.9 S Std.9 Ns 
Standard 
-+- Option b __._ Option c - --e- Option d 
Note: 
' 
~. Option a is popular with all of the standards. 
2. Option d is ~ery popular with standard 6 pupils but decreases 
gradually in_popularity down to the standard 9 science group 
~- There is a gradual increase in popularity of option e from 
standard 7 through to the standard 9 sci~nce pupils. 
:' 
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Summary: 
1. As far as the overall picture is concerned we find that: 
there is a preference for option a, with 27% of the pupils 
selecting it; 
the frequencies with which the other options are selected are 
very similar and in the region of 18%; 
81% of the pupils select options which suggest a. force acting 
in the direction of motion; 
35% of ·the pupils select options which ignore the presence of 
gravity. 
2. When we compare the frequencies with which the different 
standards in Cape schools select the different options we find 
that: 
there is a fair amount of variation in the frequencies with 
which the different standards select the different optionsi 
option b shows a gradual increase in popularity across the 
standards; 
option c shows a gradual decrease in popularity across the 
standards; 
the standard 9 science pupils select options a and e in 
preference to the others. 
3. When we compare the frequencies with .which the diff~rent 
standards in Transkei select the different options we find 
that: 
there is a fair amount of variation in the frequendies with 
which the different standards select the different options; 
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there is a gradual increase in the popularity of option a 
across the standards; 
there is a gradual decrease in the popularity of option b 
across the standards; 
option e is very unpopular with all the standards; 
option d is very popular with the standard 5 group. 
. I 
4. When we compare the pupils in the Cape with their counterparts 
in Transkei we find that: 
there is a very big difference in the frequencies with which 
the different options are selected by the two different 
groups; 
this difference is especially large in the frequencies of 
selection of options d and e; 
t~e preferred option in Cape schools is a, the option which 
suggests that at the top of its flight the ball experiences 
two forces of equal magnit~de, but opposite in direction, 
acting on it; 
the preferred option in Transkei schools is d, the option 
which suggests that there is a small force acting on the ball 
at the top of its flight, in the direction of the original 
motion. 
5. When we compare Afrikaans-and-English-speaking pupils we find 
that there is no noteworthy difference in the frequencies with 
which the two groups select the different options . 
. 6. When we compare the frequencies with which boys and girls in 
Cape schools select the different options we find that there 
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are small differences on most of the items except e, which is 
the second most popular item with the boys (27%) and the least 
popular with the girls.(14%) 
In Transkei schools we find that there are small differences 
in the frequencies with which the different options are 
selected by boys and girls, with the exception of option c, in 
which there is a fairly large difference, with 18% of the boys 
selecting it as opposed to 11,5% of the girls. 
7. When we compare the frequencies with which.Afrika~ns-speaking 
pupils living in Cape Town and in country towns select the 
different options, we find no noteworthy difference. 
8. When we compare some of the standards we find that: 
the frequencies with which the standard 4 pupils select the 
different options to be very different from that of. the 
standard 9 pupils who do not do science. Furthermore, we find 
that 29% of the standard 4 group neglect gravity as opposed to 
38% of the standard 9 group. 91% of the standard 4 group link 
force and motion while 79% of the standard 9 group do. 
Option a is selected with similar frequencies by standard 4, 7 
and 9 science pupils, the frequencies of selection being about 
32%. 
On the other options there 
frequencies with which the 
options. 
is fairly large variation in the 
different groups select the 
Standard 9 science pupils and standard 
science select option b, the correct 
9 pupils who do not do 
option, with the same 
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frequencies. However, the groups differ markedly in their 
selection of the other options. 
9. When we compare the frequencies with which the individual 
options are selected by the different standards, we find 
that: 
the different options have different popul~rities with the 
different standards; 
options a and e are the two most popular options. 
173 
Question A 4 
The sketch shows a boy who has 
thrown a ball horizontally away 
from him. The sketch which best 
shows the forces (including friction 
or resistance) acting on the ball 
immediately after it has left the 
boy's hand, is: 
(a) (b) (c) 
(a) The overall picture: 
~··0 
(d) (e) 
The following graph shows the frequency with which the different 







1. Options a and b are by far the most popular options. These 
options imply a force acting in the direction of motion of the 
ball and a force acting against the direction of motion of the 
ball, but the "driving" force is larger than the resisting 
force. 
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2. Options a, b and c which all imply a force in the direction of 
motion, is selected by 78% of the pupils. 
~. Option c, the correct option, is selected by 19% of the 
! pupils. ' ' ' 
4. Only option a excludes the force of gravity and is selected by 
31% of the pupils. 
' 
5. 8% of the pupils select option e which suggests the· presence 
of a force, as large as gravity, ~cting upwards. 
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(b) AooordinJ to standard: 
1. In the Cape: 
The following graph compares the 
different options are selected by 
standards in schools in the Cape. 
A4 
frequency with 
pupils in the 
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1. Although pupils from the different standards select the 
options with differing fequencies, options a and b are by far 
the most po~ular. However standard 8 and 9 science pupils do 
not find option a very popular but overwhelmingly select 
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·' 
2. Ther-e is ver-y little suppor-t for- option d, the cor-r-ect 
option. 
3. The fr-equency of selection of the differ-ent options is ver-y 
si~ilar- for- standar-ds 4 and 5. 
2. In Tr-anskei: 
The following gr-aph compar-es the fr-equencies with which pupils in 




.r 4 = std.4 _,. 5 = std.5 




~ n c !i;:M ...--..I"JI jl _.::±:,I !!!...-.:i::' I !""0=1 
.:1 .b c d If' 
t'Jpf.ft1DS, 
Note: 
1 .. Option a r-eceives over-whelming suppor-t fr-om all of the 
standar-ds. This is the option which excludes a downwar-d for-ce 
acting on the ball. 
2. The next most popular- option is the cor-r-ect option, option d. 
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(c) Comparison b•twe•n th• Cap• and Tansk•i= 
The following graph compares the frequency with which the 
different options are selected by pupils is standards 4, 5 and 6 




Cape vel"Sus T:ranskei. 
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l-?Ptions 
Note: 
1. There is very large differences in the frequencies with which 
pupils from the two areas select. option a, the option which 
excludes gravity. This option is selected by 61% of Transkei 
pupils as opposed to 33% of Cape pupils. 
2. While only 8% of Transkei pupils select option b, the option 
which includes gravity with a force in the direction of motion 
of the ball, this option is selected by 39% of the Cape 
pupils. 
3. About 19% of Transkei pupils select the correct option as 
opposed to 12% of the pupils in Cape schools. 
\ 
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(d) Compari&on o1 the language ;roup& in the Cape: 





the frequency with which Afrikaans-
in the Cape select .the different 
1. There is no noteworthy differences in the frequencies with 
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(e) Comparing the sexes: 
1. In the Cape: 
The following gaph compares the frequencies with which boys and 
girls in Cape schools select the different options. 
A 4. 
Boys veJ>Sus Gi :r 1 s. Cape. 
B = Boys 
G : Gi:rls. 
Note: 
1. The major difference lies in the selectiori of options a and b. 
Both boys and girls find option b the most popular, but boys 
ffnd it much more so than girls who find it a little more 
popular than a. Boys appear to be more aware of the presence 
of a downwards acting force on the ball. 
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2. In Transkei: 
The following graph compares the frequencies with which boys and 
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i. There are only small differences in the frequencies with which 
the different options are selected by boys and girls. Option 
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(f) Comparinl pupils from Town and Country areas in the Cape: 
The following graph comapres the 
Afrikaans-speaking pupils living in 
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frequencies with which 
Cape Town anQ in country 
1~ The frequencies with which the two groups select the different 
options are amazingly similar. 
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(g) Compa~in; some standards• 
1. Standard 4 and standard 9 "no science" group. 
The following graph compares the frequencies with which pupils in 
























4 = Std.4 
9 = Std.9 no science 
1. The major difference between the two groups lie in the 
frequencies with which option a i~ selected. This is the 
option which ignores the presence of gravity and is selected 
by 35% of the standard 4 group and only by 26% of the standard 
9 group. 
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2. Standards 4, 7 and 9 "science group": 
The following graph compares the frequencies with which standard 
4, 7 and 9 pupils who do science select the different. options. 
A 4. 
.J' Std.4, ? and 9 science. 
?6.6 j F ~"-II 
JO 58.11 4 = std.4 e 
#0,8~ ? =std.? ~ 9 = std.9 
u .JB.D ? 
e ~9,11~ 9 n 
& .18.11 :~ 
_II 8.8. 
.1 .J & d t> 
0-•tiiJD.!o-
Note: 
1. There are only small differences in the frequencies of 
selection of options c, d and e. 
2. The correct option, d, is selected with about the same 
frequency by the three different groups. 
3. Option a, the option which ignores gravity, becomes 
progressively less popular from standard 4 through to standard 
9. 
4. Option b, the option which includes gravity in combination 
with a force in the direction of motion which is bigger than 
the retarding force, increases in popularity from standard 4 
through to standard 9. 
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3. Standard 9 science pupils and standard 9 pupils who do not do 
science: 
The following graph compares. the frequencies with which standard 
9 pupils who do science and standard 9 pupils who do not do 
science select the different options. 
A 4. 
;r Std.9. Science versus non-science. 
?U.O ~ ;; s - s . , ~ - ctence. 
F b'l/,8 Ns = No science. 
J" ~~8.0 
t' 
,f/l, 0 fT 
u .Jll/1 
t' .?8.0 n 
c 18.0 
Jl 8.0 
.l b ~,.· ,{ t' 
e:~•t.;(Jn_.-
Note: 
1. There is very little difference in the frequencies with which 
the different groups select options c, d and e. More of the no 
science group actually select the correct option. 
2. There is very large differences in the frequencies of 
selection of options a and b. The science pupils select the 
option which includes gravity in combination with a force in 
the direction of motion which is larger than the retarding 
force and, wh~le this option is also the most p6pular with the 
pupils who do not do science, the difference in the 
frequencies with which options a and b are selected is not 
nearly as large as for the science group. 
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(h) Selection of individual options: 
The following graph compares 
different options are selected 
standards. 
the frequencies with which the 
by the pupils in the different 
A4 













~ Option e 
Std.5 Std.6 Std. 7 . Std.S Std.9 S Std. 9 Ns 
Standard 
-+- Option b -*- Option o -e- Option d 
Note: 
1. Option b increases in popularity to a maximum with 
standard 9 science group. 
2. Option a decreases in popularity from a maximum with 
the 
the 
standard 4 group to a minimum. with the standard 9 science 
group. 
3. Options c, d and e are selected with very similar 
frequencies. 
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Summary: 
1. As far as the overall picture is concerned we find that: 
there is a preference for option b with 39% of the pupils 
selecting it; 
that option a is the next most popular with 31% of the pupils 
selecting it; 
78% of the pupils select options which suggest a force acting 
in the direction of motion; 
31% of the pupils select the option which ignores the presence 
of gravity. 
2. When we compare the frequencies with which the different 
standards in Cape schools select the different options we find 
that: 
there is very little variation in the frequencies with which 
the different standards select options c, d and e; 
option b is by for the most popular option with all of the 
groups especially with the standard 9 and 8 science pupils; 
standards 4, 5 and 6 show similarity in the frequencies with 
which they select the different options. 
3. When we compare the frequencies with which the different 
standards in Transkei select the different options we find 
that: 
option a is overwhelmingly selected by all of the groups; · 
the next most popular option is option d, the correct option. 
187 
Chapter 4 Force and 'Motion Question A 4 
4. When we compare the pupils in the Cape with their counterparts 
in Transkei we find that : 
There are large differences in 
two groups select options a and 
with Transkei pupils with some 
that option as opposed to 30% 
the frequencies with which the 
b. Option a is very popular 
61% of the pupils selecting 
of the pupils in the Cape who. 
find option b more attractive with 39% of .them selecting it as 
opposed to 8% of the Transkei pupils. 
73% of the pupils in Transkei select options which indicate 
force in the direction of motion of the ball while 80% of the 
Cape pupils select similar options. 
5. When we compare Afrikaans-and-English-speaking pupils we find 
that there is no noteworthy differences in the frequencies 
with which they select the different options. 
6. When we compare the frequencies with which boys and. girls in 
Cape schools select the different options we find that both 
boys and girls sele6t option b most frequently but that· it is 
much more populat with the boys. Girls select option a much 
more frequently than boys. 
In Transkei we find vey little difference between boys and 
girls in the frequencies with which they select the·different 
options. Both boys and girls overwhelmingly select option a. 
7. When we compare the frequencies with which Afrikaans-speaking 
pupils who live in Cape Town and in country towns select the 
different options, we find that there are no noteworthy 
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differences. 
8. When we compare some of the standards we find that: 
the frequencies with which standard 4 pupils and standard 9 
pupils who do not do science select the different options, 
differ slightly, except on option a where 35% of the standard 
4 group sel~ct the option as opposed to 26%.of the standard 9 
group; 
the frequencies with which standard 4, 7 and 9 pupils who do 
science select options c, d and e are fairly similar. Option a 
decreases in popularity from standard 4 through to standard 9 
while option b increases in popularity from standard 4 through 
to standard 9; 
the sta~dard 9 science pupils and the standard 9 pupils wh6 do 
not do science differ markedly on their selection of options a 
and b. The standard 9 science group overwhelmingly select 
option b which is also the most popular option with the pupils 
who do not do science. Only 6% of the science pupils ignore 
the presence of gravity as opposed to 26% of the pupils who do 
not do science. 
9. When we compare the freque~cy with which the individual 
options are selected by the different standards, we find that 
the popularity of option b increases to a maximum with the 
standard 9 science pupils while option b declines in 
popularity to a minimum with the standard 9 science pupils. 
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Question A 10 
The sketch shows a boy who is 
swinging a ball, which is tied 
to a string, horizontally around 
his head. The force or forces 
acting on the ball at A because 
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(a) The overall picture: 
The following graph shows the frequencies with which the 
different options are selected by the whole sample. 
A 19. 
'" .... g,p 01Je!'all. 
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Note: 
1. Options a, d and e are about equally popular. These options 
all involve a force acting in the direction of motion of the 
ball. That means that 78% of the pupils select options 
indicating a force acting in the direction of motion. 
2. Option c, the correct option, is selected by only 8% of the 
sample. 
3. Option b which involves only an inward force (centripetal) and 
an outwards force (centrifugal) is selected by about 13% of 
the sample. 
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(b) Accordin; to standards 
1. In the Cape: 
The following graph compa~es the frequencies 
different options are selected by pupils in 
standards in the Cape. 
A 10 
Question A 10 
with which the 
the different 
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1. With the exception of option c, the correct option, there is a 
fair amount of variation in the frequencies with which the 
different standards select the options. While the frequencies 
of selection of the options by standards 4, 5, 6 and 7 are 
fairly evenly distributed over options a, c and e, the same is 
not true for the remaining groups. 
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The standard 9 science group selects option e at the expense 
of most of the other options while the standard 8 group is 
evenly spread over options a and e. The standard 9 pupils who 
do not do science favour options d and e and to a lesser 
extent a. 
2. It is quite clear from the results that the vast majority of 
the pupils associate force and motion. 
3. Selection of options which suggest the presence of centripetal 
force, centrifugal force and a combination of these with a 
force in the direction of mot1on predominate, and the 
frequencies with which these are selected are evenly spread. 
2. In Transke i: 
The following graph compares the frequencies 
different options are selected by pupils in 
stand~rds in Transkei. 
Note: 
A 19 
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with which the 
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1. There is a reasonable amount of variation in the frequencies 
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with which the different options are selected by pupils in the 
different standards. 
2. Option d, which combines centripetal force with ·a "driving 
force~·, is the most popular option for all of the groups. 
3. The standard 4 group shows the least variation across the 
options. 
(c) Comparison between the Cape and Transkei: 
The following graph compares the frequencies with which the 
different options are selected by pupils in standards 4, 5 and 6 
in the Cape and Transkei 
A 19. 
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Note: 
1. There is a big difference in the selection of the options 
between the two groups. Pupils in the Cape found options a, d 
and e about equally attractive while options b ·and c receive 
very little support. In Transkei the frequencies of selection 
is spread more evenly over the different options although 
option d is the most popular. 
2. There is a big difference in the frequencies with which the 
two groups select c, the correct option. This option is 
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selected by about 20% of Transkei pupils as opposed to only 5% 
of the pupils in the Cape. 
3. Pupils in the Cape overwhelmingly select options which 
indicate the belief in a force acting in the direction of 
motion. This force is seen to act in conjunction with 
centripetal and centrifugal force. The majority of Transkei 
pupils also select a force in the direction of motion but 
options which link this force to a centrifugal force are not 
popular 
(d) Comparing language groups in the Cape: 
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in the Cape 
with which 
select the 
1. There are only small differences in the frequencies with which 
the different options are selected by the two groups. It is 
only on options a and b where the differences are relatively 
large. 
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(e) Comparing the sexes: 
1. In the Cape: 
The following graph compares the 















Boys vel'Sus Gil'ls. Cape only. 
B = Boys. 
G = Girls . 
frequencies with which the 
boys and girls in schools in 
1. There is a fair amount of difference in the frequencies with 
which boys and girls select options a, b, and d. Option a 
combines a "driving force" with a centrifugal force. This 
option is selected by 33% of the boys as opposed to 24% of the 
girls. Option d combines a "driving force" with a centripetal 
force and is selected by 30% of the girls as opposed to 16% of 
the boys. 
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2. In Transkei: 
The following graph compares the frequencies with which boys and 




Boys ve~us Gi~ls. r~anskei. 
B = Boys .r G = Gi~ls 
1- .711.11 
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Note: 
1. There are only small differences in the f~equencies with which 
the different options are selected by the two groups. Only on 
options a and b d~ the gr6ups differ slightly. 
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(f)Comparing pupils from Town and Country areas in the Cape: 
The following graph compares the 
Afrikaans-speaking pupils living in 
towns select the different options. 
A 19 . 
.% Town vs. Count.ry. Afl'il<aans only. 
Nl. 8 C = Coun t:ry 










frequencies with which 
Cape Town and in cotintry 
1. There are virtually no differences in the frequencies with 
which the two groups select the different options. 
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' ·: 
' 
(g) Comparison of different standards: 
:L. Standards 4 and standard 9 "no science" group. 
the. following graph compares 
standard 4 pupils and standard 
~elect the different options. 
A 19. 
the frequencies with which Cape 
9 pupils who do not do science 
X Std.4 ve~sus std.9 non-science. 
~/l,tl 4 4 = Std.4 f 9 = std.9 
.1" .18.11 
t' 
!l .?#. 8 
" t' 





1:. With the exception of option d, there are differences in the 
frequencies with which the two groups select the different 
options. This difference is especially large in the case of 
option a which is selected by 31% of the standard 4 group as 
opposed to 20% of the standard 9 group. The standard 4 group 
select options which include centrifugal force in combination 
with a "driving force" in preference to other options whereas 
the standard 9 group prefer options which include centripetal 
force in combination .with a "driving force". 
I 
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2. Standard 4. 7 and 9 "science group". 
The following graph compares the frequencies with which Cape 





Std.4, 7 and 9 science ~up. 
4 Std.4 F 
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(};.•lions 
Note: 
1. The groups differ quite markedly in their selection of the 
different options with the biggest difference . being between 
the standard 4 and 7 groups on one hand and the ~tandard-9 
group on the other. 
2. The standard 4 and 7 groups select options which indicate a 
belief in the presence of centrifugal force in preferenc~ to 
other options while the standard 9 group select options which 
indicate a preference for the presence of a centripetal force. 
These two forces are selected in combination with Qther forces 
by the three groups but the main. differenpe is that while the 
standard 4 · and 7 groups select options ~hich include 
centrifugal force, the standard 9 group select options which 
include centripetal force as one of the forces. 
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3. Standard 9 science pupils and standard 9 pupils who do not do 
science. 
The following graph compares 
9 pupils doing science and 
select the different options 
A 19. 
the frequencies with which standard 
standard 9 pupils not doing science 
Std.9. Science versus non-science. 
S = Science 
Hs = No science. 
Note: 
1. There are clearly differences in the frequencies with which 
the two groups select the different options. This difference 
is most marked in the case of options d and e. Standard 9 
science pupils are in favour· of the presence of a centrifugal 
force. 
201 
Chapter 4 Force and Motion Question A 10 
(h) Selection of individual options: 
The following graph compares the frequencies of selection of the 
different opticins across the different groups. 
A 10 












Std.5 Std.6 Std.7 Std.8 Std.9 S Std.9 Ns 
Standard 
-+-- Option b _._ Option c -&- ·Option d 
1. Options b and c are very unpopular. These are the options 
which exclude a force in the direction of motion of the ball. 
2. Option e increases in popularity from standard 7 through to 
the standard 9 science group coupled with a decrease in the 
popularity of option d over these groups. This reflects an 
increasing awareness of the presence of both centrifugal and 
centripetal force across these standards. 
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Summary: 
1 As far as the overall picture is concerned we find that: 
options a, d and e are selected with frequencies of about 26% 
each. These options all include a force acting in the 
directiori of motion of the ball. This means that about 78% of 
the sample associate force with motion in this situation. 
2~ When we compare the frequencies with which the different 
standards in the Cape select the different options we find 
that: 
although there is a fair amount of variation in the 
frequencies with which the options are selected by the 
different groups, in general standards 4, 5, 6 and 7 preferred 
options a, d and e. The standard 8 group preferred option a 
and e while the 9 science group select option e as its 
prefered option. 
3~ When we compare the frequencies with which the different 
' 
i standards in Transkei select the different options we find 
that: 
there is a small diffe~ence between the·frequencies with which 
the different groups select the different option• but in 
general option d is the preferred option of all of the 
standards. 
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4. When we compare the pupils in the Cape with their counterparts 
in Transkei we find that: 
the two groups differ greatly in their selection of the 
different options; 
the correct option is selected by 20% of Transkei pupils while 
only about 5% of the pupils in the Cape select it; 
pupils in the Cape select options which indicate a belief in a 
force in the direction of motion in combination with 
centrifugal force, centripetal force, or both, about,equally 
frequently. Pupils in Transkei preferred a force in direction 
of motion in combination with a centripetal f.orce. Options 
including centrifugal force are not very popular with the 
pupils in Transkei. 
5. When we compare Afrikaans-and-English-speaking pupil~ we find 
that there are small differences in the frequencies with which 
the two groups select options a and b. In general the 
frequencies with which the options are selected 
similar. 
is very 
6. When we compare the frequencies with which boys and girls in 
Cape schools select the different options we find that boys 
and girls diff_er in their selection of options a,, b and d. 
Boys favour options which .include centrifugal force. while 
girls favour options which include centripetal force. 
In Transkei schools we find that boys and girls differ very 
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7. When we compare the frequencies with which Afrikaans-speaking 
pupils living in Cape Town and in country towns select the 
8. 
different options we find that there were really no 
differences worth mentioning between the two groups • 
When we compare the frequencies with which some of 
standards select the different options we find that: 
the 
standard 4 pupils select options which include centrifugal 
force in combination with a "driving force" while the standard 
9 pupils who do not do science select options which include 
centripetal force in combination with a " driving force". It 
appears that the standard 4 group are more aware of an 
"outwards" acting force on the ball. 
standard 4 , 7 and 9 pupils who do science differ markedly in 
their selection of option e. This option is overwhelmingly 
selected by the standard 9 pupils. This group seems to prefer 
the presence of centripetal force in combination with 
centrifugal and "driving force". However, inspite of the fact 
that there are marked differences in the frequencies with 
which the groups select the different options, no one group 
shows much less of a belief in the need for a force to act in 
the direction of motion of the ball. The differences observed 
are associated with the forces acting in conjunction with this 
force. 
9. When we compare the frequencies with which the individual 
options are selected by the different standards we find that: 
options a, d and e are about equally popular with pupils in 
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standard 4, 5, 6, 7, and the standard 9 ho scien~e group; 
option e increases in popularity from standard 7 through to 
the standard 9 science pupils while option d decreases in 




Relative magnitude of frictional force 
We are interested in the beliefs our pupils hold about the 
relative magnitude of the frictional force and the force used to 
move a cart which is stuck in the sand, a fairly common 
experience for most of the pupils. It is our experience that 
pupils often consider the frictional force to be larger than the 
applied force in this case. If pupils select the options which 
indicate that the frictional force is greater than the applied 
force while the cart is stationary, then this indicates that they 
are acting contrary to the widely held idea that obects move in 
the direction of the larger force. 
Question A 8: 
The sketch shows a boy who 
is pushing a cart. The cart 
is not moving because it is 
stuck in sand. The sketch 
which best shows the relative 
sizes Df the force with which 
the boy is pushing compared to 
the frictional force or force of 
resistance, is: 
(a) j)(3 







t3 ) .. 
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. ' 
(~)The overall picture: 
The following graph shows the frequencies with which the whole 





f .18.8 ~ t'·?J 24.6'1. ~ e 22.4'1. "'?·-..... 29.3'1. 
!T ....... / 
tl ") e :-:.,. ' 
n ;-> 
c 
..... _ . 
Jl 
J .-1 ,~ 
f..';.• I .ion. 
Nbte: 
1. 22% of the sample select option a, the option which suggests 
that the frictional force is less than the force with which 
the man is pushing. 
2. 33% of the sample select option b, the option which suggests 
that the two forces are equal and opposite to each other. 
3~ 20% select option c, the option which suggests that the 
frictional force is a little larger than the applied force. 
4~ 25% of the sample select option d, the option which suggests 
that the frictional force is much larger than the applied 
force. 
5: thus 45% of the sample select options which suggest that the 
frictional force is larger-than the applied force. 
0 208 
\ 
Chapter 5 Friction Question A 8 
(b) Aooordina to standard: 
1. In the Cape: 
The following graph compares the frequencies with which Cape 
pupils in the different standards sslect the diff~rent options. 
AS 










- Std.4. = Std.B 
_b 
-Std.6 D Std.Q S 
c d 
·apt ions. 
EIJ Std.e -Std.7 -Std.Q N.s. 
1. While option a is relatively pbpular with the standard 6 and 
standard 9 non-science pupils, it is very unpo~ular with the 
standard 9 science pupils. 
2. There is an increase in the popularity of option b to a 
maximum with the standard 9 science pupils. This may be the 
·effect of learning at school, but it is also possible that the 
pupils who after standard. 7 select to do scienc~ have a better 
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2.In Transkei: 
The following ~raph compares the frequencies with which pupils 







1. Option d is the most popular option with the pupils in all of 
the standards and there is very little difference in the 
frequencies with which pupils in the different standards 
select this option. 
2. There is an increase in the frequencies with which option b is 
selected. 
3. There are small variations in the frequencie~ with which 
pupils in the different standards select option a. 
4. The standard 6 pupils do not find option c very attractive. 
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(c) ComparinJ the Cape and Transkei: 
The following graph compares 
in standards 4, 5 and 6 in 
select the different options. 
AS. 
% ¢11.8 
f .l/1.8 .1" 
Cape vs.T~anskei. 
c = Cape. 
T = froanskei. 
t' 








the frequencies with 
schools in the Cape 
Question A 8 
which pupils 
and Transkei 
1. There are comparatively small differences in the frequencies 
with which the two groups select options a and b. 
26% of the pupils in Cape and 22% of the pupiis in Transkei 
schools select option a. 
24% of the pupils in Cape and 21% of the pupils in Transkei 
schools select option b. 
2. There is a fairly large difference in the frequencies with 
which the two groups select option c. 
29% of the pupils in Cape and 21% of the pupils in Transkei 
schools select this option. 
3. There is a large difference in the frequencies with which the 
two groups select option d. 
21% of the pupils in Cape and 37% of the pupils in Transkei 
schools select .this option. 
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4. 50% of the pupils in the Cape and 58% of the pupils in 
Tr-anskei select options which suggest that the fr-ictional 
for-ce is lar-ger- than the applied for-ce. 
(d) Comparing the language groups in the Cape: 
The following graph compar-es the 
Afr-ikaans-and-English-speaking pupils 




in schools in 
A = Afr-ikaans. 







1. Ther-e ar-e only small differ-ences in the fr-equencies with which 
the two groups select option b and d. 
2. 37/. of Afr-ikaans-and 44/. of English-speaking pupils select 
option b. 
3. 24/. of Afr-ikaans-and 19/. of English-speaking pupils select 
option d. 
4. Option a is selected by about 22/. of the pupils of each of the 
two gr-oups. 
5. Option c is selected by about 17/. of the pupils each of the 
two gr-oups. 
6. 42/. of Afr-ikaans-and 341. of English~speaking pupils select 
options which suggest that the fr-ictional for-ce is lar-ger- than 
the applied for-ce. 
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(e) Comparing the sexes: 
1. In the Cage: 
The following graph compares the frequencies with which boys and 




















B = Boys. 
C = Gil'lS. 
-~ ,~ " 
t:~·tiun. 
1. There are only very small differences in the frequencies with 
which the two groups select options a and d. 
2. 20% of the boys and 25% of the girls select option a. 
3. 23% of the boys and 20% of the girls select option d. 
4. Option b is selected by about 35% of both groups. 
5. Option c is selected by 20% of both groups. 
6. 44% of the boys and 41% of the girls select options which 
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2. In Transke i: 
ihe following graph compares the frequencies with which boys and 














B = Boys. 
C = Ci:rls. 
1~ There are only small differences in the frequencies with which 
boys and girls select options a and d. 
2. 18% of the boys and 24% of the girls select option b. 
3t 24% of the boys and 18% of the girls select option c. 
' 
4~ Option a is selected by about 22% of both groups. 
5~ About 36% of both groups select option d. 
i 
6~ 60% of the boys and 55% of the girls select options which 
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(f) Comparing Town and Country: 
The following graph compares the frequencies with which 
Afrikaans-speaking pupils who attend schools in Cape Town and 
country towns select the different options. 
AS. 
Town vs.Count~y.Afr-ikaans. 
T C T = Cape Town. 
C = Country 
Note: 
1. There is a small difference in the frequencies with which the 
two groups select option a. 
2. 24% of the pupils living in Cape Town and 21% ·of pupili living 
in country towns select option a. 
3. 42% of pupils living in Cape Town and 47% of pupils living in 
country towns select options which suggest that the frictional 
force was larger than the applied force. 
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(g) Comparing some standards: 
1. Standar-d 4 and standar-d 9 non-science pupils: 
The following gr-aph compar-es 
4 and standar-d 9 pupils who 
the differ-ent options. 
the fr-equencies with which standar-d 
do not d6 science in school select 
AS. 
.h' 4LU1 
Std.4 vs . std.9 non-scien~e. 
4 = Std.4 
F .JB.Il 
9 = Std.9 
1" 
t' 
9" J'll. iJ 
It 
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tJpf.!iJn. 
Note: 
1. Ther-e ar-e lar-ge differ-ences in the fr-equencies with which the 
two gr-oups select options a, b and c. 
2. 21/. of the standar-d 4 and 31'l. of the standar-d 9 pupils select 
option a. The reason for- this is unclear. 
3. 20/. of the standar-d 4 and 32/. of the standar-d 9 pupils select 
option b. It is possible that an awar-eness of the situation 
involved develops with incr-easing age or- that the older pupils 
have a firmer commitment to a belief which involves force in 
the direction of motion. 
4. 38'l. of the standar-d 4 and 18'l. .of the standar-d 9 group select 
option c. 
5. 59'l. of· the standar.d 4 and 38% of the standard 9 gr-oup select 
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options which suggest that the frictional force was larger 
than the applied force. A possible reason for this difference 
was dicussed under 3 above. 









the frequencies with which 




















Std.4, 7 and 9 science. 
4 = std.4 
7 = std.7 
9 = std.9 
1. The frequencies with which the different groups select options 
a, b and c are notably different. 
2. The frequencies with which the different gro~ps select bption 
d is very similar 
3. There is an increase in the f~equencies with which option b is 
selected. The differences may be due to increased exposure to 
learning in school, a fi~mer commitment to a belief ~nvolving 
force in the direction of motion or a better understanding of 
the situation involved. The pupils in starid~rd 9 select to do 
science and may be reasonably expected to be more aware·of the 
forces involved in this situation. · However, this is doubtful 
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as this gr-oup cer-tainly did not show any better- under-standing 
of the situations involving for-ce and motion. 
4.. Option a is ver-y unpopu 1 ar- with the standar-d 9 science 
pupils. 
5:. Option c is ver-y popu 1 ar- with the standar-d 4. pupi 1 s. 
6:. 59% of standar-d 4, 32/. of standar-d 7 and 35/. of standar-d 9 
science pupils select options which suggest that the 
fr-ictional for-ce is lar-ger- than the applied for-ce. 
3. Standar-d 9 science and non-science pupils: 
The following gr-aph compar-es 
9 pupils who do and who do 
differ-ent options. 
the fr-equencies with which standar-d 
not do science at school select the 
AS. 
-~-· 6"8. {I 
Std.9 science us. non-science. 
S = Science . 










l. The fr-equencies with which the two gr-oups select options a, b 
and c is differ-ent. 
2. 6/. of the science and 31/. of the non-science pupils select 
option a. 
3. 60/. of the science and 32/. of the non-science gr-oup select 
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option b. 
4. 13% of the science and 18% of the non-science pupils select 
option c. 
5. 35% of the science and 38% of the non-science group select 
options which sugg~st that the frictional force is larger than 
the applied force. 
6. While the science group select the correct option with a much 
higher frequency than the non-science group, there is very 
little difference between the two groups as far as believing 
that the frictional force is larger than the applied force. 
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(h) Selection of individual options: 
The following graph compares the frequencies with which the 
individual options were select by the different standards. 
AS 










Std.4 Std.5 Std.6 Std. 7 Std.8 Std.9 S Std.9 Ns 
Standard 
Option a -+-- Option b __..... Option c -e- Option d 
Note: 
1. There is an increase in the popularity of option b to a 
maximum with the standard 9 science pupils. 
2. While option c is very popular with standard 4 and 5 pupils 
its popularity decreases thereafter. 
3. Option a is very popular with standard 6 pupils but its 
popularity decreases thereafter until it reaches a mimimum 
with the standard 9 science pupils. 
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4. Option d is selected by a consistent proportion of pupils in 
all of the standards. 
Summary: 
1. When we examine the overall picture we find that: 
2. 
22% of the sample believe that the frictional force is smaller 
than the applied force; 
33% of the sample believe that the frictional force is as 
large as the applied force; 
20% of the sample believe that the 
slightly larger than the applied force 
believe that it is much larger. This 
frictional force is 
while a further 25% 
means that 45% of the 
sample believe that the frictional force is larger than the 
applied force. 




different options we find that: 
with which pupils in 
in the Cape select 
the 
the 
the majority of standard 6 pupils and a substantial proportion 
of the standard 9 non-science pupils believe that the 
frictional force is smaller than the applied force; 
the belief that the two forces are equally large increases 
across the standards to a maximum with the standard 9 science 
pupils; 
the majority of standards 4 and 5 pupils believe that the 
frictional force is slightly larger than the applied force; 
about 20% of the pupils in each of the groups believe that the 
frictional force is much larger than the applied force; 
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the belief that the frictional force is larger than the 
applied force is a persistent one with pupils in all 
standards. 
The following graph compares the frequencies with which pupils 
in the different standards select options which suggest that the 
frictional force is larger than the applied force: 
The belief that the frictional force is larger than the applied 
force is held by about 60/. of the pupils in standards 4 and 5. 
The re~arkable feature is that in the rest of the standards the 
options which suggest this belief is selected fairly consistently 
by about 35/. of the pupils. If this result is seen in conjunction 
with our "force and motion" results, then it is clear that a 
substantial proportion of pupils are unaware that these two ideas 
are in conflict with each other~ This is probably an example of 
two different min-theories being used to solve the problems. 
In Transkei we find that the pupils in all three the standards 
prefer option d which suggests that they_ believe that th~ 
frictional force is much larger than the applied force~ 
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There is also some evidence that the belief that the forces 
are equally large increases across the standards. 
3. When we compare pupils in standards 4, 5 and 6 in Cape and 
Transkei schools we find that: 
pupils believe that the 
than the applied force; 
pupils believe that the 
29% of Cape and 211. of Transkei 
frictional force is slightly larger 
21% of Cape and 37% of Transkei 
frictional force is much larger than 
50% of Cape and 58% of Transkei 
the applied force; 
pupils believe that the 
frictional force is larger than the ap~lied force. 
It would appear that although there are differences in the way in 
which the two groups have responded to these two options, that 
the difference is essentially one of degree only. A slightly 
higher proportion of Transkei pupils believe that the frictional 
force is larger than the applied force but ·a, substantial 
proportion of these· pupils believe that the frictional force.is 
much larger than the driving force 
4. When we compare the frequencies with which Afrikaans-and 
English-speaking pupils select the different options we find 
that: 
·' 
37% of Afrikaans-and 44% of English speaking pupils believe 
that the two forces are equal in size; 
42% of Afrikaans-and 34% of English-speaking pupils believe 
that the frictional force is larger than the applied force. Of 
the pupils who held this belief, the proportion of Afrikaans 
pupils who believe that the frictional force is much larger 
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' 
than the applied force is a little higher than that of the 
English-speaking pupils who hold the same belief. Thus the 
belie'f that the frictional force .is larger than the applied 
force is somewhat more widely held by Afrikaans-speaking 
pupils. 
5. When we compare boys and girls in Cape schools we find that 
there is some evidence that the belief that the frictional 
force is larger than the applied force is held by a slightly 
higher proportion of the boys. 
In Transkei we also find that a slightly higher proportion of 
the boys believe that the frictional force is larger than the 
applied force. 
6. When we compare the frequencies with which Afrikaans-speaking 
pupils who attend schools in Cape Town and in country towns 
select the different options we find that a slighly higher 
proportion of pupils in country schools believe that the 
frictional force is larger than the applied force. 
7. When we compare the frequencies with which pupils in some of 
the standards select the different options we find that: 
20% of standard 4 and 32% of standard 9 pupils who do not do 
science at school believe that the forces are equal in size. 
This may suggest that this belief is one which is more widely 
held by older pupils and therefore that there is some 
maturation effect involved. 
the belief that the frictional force is larger than the 
applied force is much more widely held by standard 4 pupils; 
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the p~opo~tion of the pupils who believe that the two fo~ces 
a~e equal in magnitude inc~eases ac~oss the standa~ds but the 
p~opo~tion who believe that the f~ictional fo~ce is much 
la~ge~ than the applied fo~ce ·is ve~y simila~ fo~ all of the 
?iffe~ent standa~ds; 
although 60% of science pupils and only 32% of non-science 
pupils believe that the fo~ces a~e equal. in magnitude, 35% of 
the science and 38% of the non-science g~oup believe that the 
f~ictional fo~ce ~s la~ge~. This belief is ve~y widely held by 
pupils ac~oss all of the standa~ds as we h~ve shown ea~lie~ 
on. 
8. When we compa~e the f~equencies with which the individual 
options a~e selected by the diffe~ent standa~ds~ we find 
that: 
while the p~opo~tion of pupils who select option b and the~eby 
ihdicating a belief that the fo~ces a~e equal in magnitude 
inc~eases at the expense of options a and c, option d, the 
option whose selection indicates a belief that the f~ictional 
fo~ce is much la~ge~ than the applied fo~ce, ~emained 
~ema~kably constant ac~oss the diffe~ent standa~ds. 
9. We also find that in a11· of the ~~oups which we looked at 
the~e is some suppo~t fo~ the notion that the f~ictional· fo~ce 
is in fact 1 ess than the app.l ied fo~ce. · Whi 1 e it may not be 
ve~y difficult· to unde~stand the ~easons fo~ the o~igin of a 
belief that the f~ictional fo~ce is la~ge~ than the applied 
fo~ce, the same is not t~ue fo~ the belief that the f~ictional 







In the work dealing with passive force" reviewed in chapter 2 
(see p.56) researchers have commonly found that pupils have 
difficulty idsntifying the forces acting on bodies at rest. In 
particular, they have found that if pupils are ~resented with a 
situation which involves a body at rest on a surface, then it is 
the presence of a normal force which is difficult to accept. 
However, Terry and Hurford (1985) found that when the pupils were 
asked to indicate the forces acting on a body at rest on a table, 
then when suspended from a spring and finally when supported by 
the palm of a hand, then the number of pupils who identified two 
forces as acting on the body was considerably higher in the last 
two cases than in the first case. 
In this study pupils were presented with four situations which 
were conceptually identical but differed in that two of the cases 
involved a suspended body (A3 and A7) while two of the cases 
involved a body being supported by a surface (A9 and A 11). 
Furthermore, in A7 the object was suspended from the arm of a man 
or a woman while in A li the object was supported on the palm of 
a man's hand. 
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., 
Results: 
!In all of the graphs which follow, the frequency with which 
similar options have been selected when attempting the different 




option 1 = the upward and downward forces are equal and. 
opposite, i.e. the correct response. 
option 2 = the downward acting force is larger than the 
upward acting force. 
option 3 = the upward acting force is larger than the 
downward acting force. 
option 4 = only an upward acting force is present. 
option 5 = only a downward acting force is present. 
The following graph compares the frequency with which the whole 
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It is quite clear from the graph that the pupils respond 
differently to the different questions. The frequency with which 
the correct option, option 1, is selected increases when a human 




Chapter .6 Static equilibriu~ Overview 
frequencies with which all of the options are selected are very 
strongly influenced by the situation which is depicted in the 
question. That the presence of a human in the situation has a 
dramatic effect on the frequencies with which options are 
selected is further illustrated by an examination of the graphs 
which show the frequencies · with which a single force is 
selected. 
Std.7 
X ?8.8] J>ownwax-d f Ol'Ce on 1 y. 9 f 1'8- II 3 A3 
.P .fll./1 7 A7 
t' 
~/l.ll 
3 9 A9 
~ 11 11 All 





7 .'J 11 
iut>slion. 
It is clear that in the presence of a human a single downward 
acting force is not selected as often as it is in the absence of 
a human. The frequencies with which this force is selected is 
also dependent on the situation presented. 
The above graphs which depict the overall situation do not 
illustrate the variation which exist between groups. Some of this 
yariation is shown by the following graphs. 
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1. Sex and Culture: 
The following graphs show the frequencies with which boys and 
girls in the Cape and Transkei as well as Cape standards 4, 5 
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Chapter- 6 Static equilibr-ium Over-view 
The folowing gr-aph which compar-es the fr-equencies with which 
standar-ds 4, 5 and 6 pupils in Cape schools selec~ the differ-ent 
options is included for- easy compar-ison with the gr-aphs which 
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It is clear from the graphs that while fairly large differences 
exists between the frequencies with which pupils in Cape and 
Transkei schools select the different options, small differences 
exist in the frequencies with which boys and girls in the Cape 
and in Transkei select the different options but that in all 
cases, there is a strong indication that the frequencies with 
which any one particular option is selected depends to a large 
extent on the situation depicted. In Cape schools it is clear 
that the presence of a human in the situation very clearly 
effects the selection of options; more pupils select the correct 
option when a human is seen to be holding an object~ What is of 
particular interest is the tremendous increase in the frequencies 
with which a s~ngle downward acting force is s~lected when the 
object is supported on a table. This tend~ncy is present 
throughout all of the standards in Cape schools as the following 
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Overview 
It is also clear from the graphs of pupils in Cape schools that a 
single upward force is not a very popular option and only had a 
moderate degree of support when a body is suspended by a string. 
If we compare the graph which shows the frequencies with which 
standards 4, 5 and 6 pupils in the Cape select the different 
options with the two graphs involving boys and girls from 
Transkei, it is abundantly clear that there are very big 
differences in the way the pupils from the two areas respond to 
the questions. While the presence of a single upward force is 
very unpopular in the Cape, it is remarkably popular in Transkei. 
Transkei pupils overwhelmingly select options which indicate a 
single force acting on the body at rest with the preferred option 
for suspended bodies being a single upward force for girls. Boys 
are fairly evenly divided in the frequencies with which they 
select a single upward or downward force in this situation. 
However, when the body is supported the situation changed 
dramatically. Both boys and girls now indicate a preference for a 
single dow~ward force. This option is much more popular with the 
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boys in this situation. It also appears from the graphs that the 
presence of a human in the situation has a small effect. The 
major effect with the pupils from Transkei appears to be whether 
the body is suspended or supported on a surface. 




frequencies with which Afrikaans-and 
select the different options, it is 
interesting to observe that more English-speaking pupils select a 
single downward acting force in all situations, ,the difference 
being in the region of 8%. 
When we compare the frequencies with which boys and girls select 
the correct option, we find that a higher proportion of boys 
consistently do so. However, the difference is small. 
Furthermore, if we look at the frequencies with which the two 
groups select options which indicate the presence of two forces 
of unequal magnitude acting on the body at rest in ·all of the 
questions, we find that the pattern of distribution is very 
similar for boys and girls. Girls, however, select these options 
more frequently. 
2. Origin: 
When we.compare the frequencies with which Afrikaans-speaking 
pupils who live .in Cape Town and in country towns select 
different options on the different questions we find no 
appreciable .difference between the two groups. This is an 
astonishing result and indicates a very 
uniformity between town and country pupils. 
strong cultural 
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3. Standar-d: 
It is clear- fr-om the data that the pr-opor-tion of pupils selecting 
the cor-r-ect option on all of the questions incr-eases as we 
pr-oceed up the standar-ds. This is not completely unexpected as 
the standar-d 8 and 9 science gr-oups have selected to do science 
ahd will pr-esumably ther-efor-e have some inter-est in the subject. 
The following gr-aph which compar-es the fr-e~uencies with which 
th~ cor-r-ect option is selected by the pupils in the differ-ent 
standar-ds illustr-ates this point as well as illustr-ating the 
impor-tance of the context of the situation pr-esented. 
Static Equilih~iuM. 
selecting co~~ect option. 
It is also quite clear- that the differ-ent standar-ds r-espond 
differ-ently to the differ-ent options in the differ-ent questions. 
We have mentioned these differ-ences which ar-e either- r-ather- small 
on options which involve the pr-esence of unequal for-ces or-
involve a stepwise decrease in the fr-equencies with which a 
single downwar-d acting for-ce is select~d. The ftillowing gr-aph 
which compar-es the fr-equencies with which pupils in the differ-ent 
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standar-ds select a single downwar-d acting for-ce in the differ-ent 
situations pr-esented to them illustr-ates this point clear-ly. 
·' 6. ? ,'? J•t.Md'..Y'tf. 
Compar-ison of the gr-aphs pr-esented for- standar-ds 4, 7, and 9 
science pupils show that as we pr-oceed up the standar-ds: 
1. the pr-opor-tion of pupils ·who select option 1' the 
cor-r-ect option, increases in all of the questions. 
2. the pr-opor-tion of pupils who select option '2, the 
··i 
option which suggests that the upwar-d acting for-ce is 
smaller- than the downwar-d-acting for-ce, decr-eases in 
all the questions. 
3. the pr-opor-tion of pupils who select option 3, the 
option which suggests that the upwar-d acting for-ce 
was lar-ger- than the downwar-d-acting ~ne, incr-eases 
slightly. 
4. the pr-opor-tion of the.pupils who select option 4~ the 
option which suggests that a single upwar-d-acting 






Static equilibrium Overview 
5. the proportion of pupils selecting option 5, the 
option which suggests a single downward-acting force 
is present, decreases in all questions. 
T~e standard 9 pupils who do not do science at school are an 
iritere~ting group as they probably represent the scientific 
! 
thinking of the "man on the street". The following graph compares 
t~e frequencies with which this group select the different 











It is quite clear that the presence of a human in the different 
situations very markedly effect the responses o~ this group to 
I 
the questions. The presence of a single downward-acting force is 
v~ry popular in questions which do not have a human in it. The 
i 
moment a human is present, however, options which include an 
upward-acting force in conjunction with downward-acting force 
i 
increase in popularity. 
237 
Question A 3: 
The sketch shows a tyre which 
is hanging from a rope which 
has been tied to the branch of 
a tree. The sketch which best 
shows and compares the sizes 
of the forces acting on the tyre 
is: 
(a) (b) (c) 
(a) The overall picture: 
(d) (e) 
The following graph compares the frequencies with which the 




1. There is a marked preference for option e, the option which 
suggests that only a downward force acts on the tyre. 
2. About 55% of the sample select options d and e ,; options which 
suggest that only one force is present. 
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(b) Aooordini to standard 
1. In the Cape: 
T~e following graph compares the frequencies with whibh the 
di:fferent standards in the Cape select the different options. 
A3 
























1 With the exception of the standard 9 science pupils there is a 
preference for option e by~all of the other groups. 
2 There is an increase in popularity of option a, the correct 
one, from st~ndard 6 through to standard 9. This option is the 
preferred one for the standard 9 science group. 
3 In general the standard 9 pupils who do not do science 
responded to the options in the same way as the standard 4, 5, 
6 and 7 groups. 
239 
Chapter 6 
2. In Transke i: 
i' 
! 
Static equilibrium Question A 3 
The following graph compares the frequencies with which the 
different standards in Transkei select the different options. 
A3. 
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Note: 
1. There is a marked preference for option d by all of . the 
standards: Selection·of this option indicates a belief in the 
presence of a single force only. This force acts upwards on 
the tyre. 
2. Option e is the next most popular option. This option shows 
only a downwards force acting on the tyre. 
3. It is clear that the pupils in Transkei favour options which 
include one force only acting on the object. 
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. '
~he following gr-aph compar-es the fr-equencies with which standar-d 
~' 5 and 6 pupils fr-om the Cape and Tr-anskei select the differ-ent 
~ptions. 
c = Cape 
r = Tl>anskei 
Note: 
With the exception of option c, ther-e is consider-able 
differ-ence in the fr-equencies with which the two gr-oups select 
the differ-ent options. 
2:. Whi 1 e pupi 1 s fr-om the Cape select option e, which suggest a 
belief in a downwar-ds for-~e only acting on the tyr-e, Tr-anskei 
pupils select d, which suggests an upwar-d for-ce only acting on 
the tyr-e. 
3:. By se 1 ec ting options d and e pupi 1 s indicate a be 1 ief in the 
pr-esence of one for-ce only acting on the tyr-e. 58% of Cape 
pupils select these options compar-ed to 76% of Tr-anskei 
pupils. 
4. 16% of Cape and 48% of Tr-anskei pupils select tiption d, the 
option which suggests that only an upwar-d for-ce is acting on 
the tyr-e. 
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A 3. 
1H'l'ikaans vel'sus Eng! isl1. 
A Af!'ikaans. 
E = English. 




in the Cape 
with which 
select the 
1. Ther-e ar-e mar-ked differ-ences in the fr-equencies with which the 
two gr-oups select options a, d and e. 
2. 271. of the Afr-ikaans-speaking gr-oup and 18/. of the 
English-speaking gr-oup select a, the cor-r-ect option. 
3. The belief in a single for-ce acting on the tyr-e is held by 43/. 
of the Afr-ikaans-~peaking gr-oup and by 56/. of ·the 
English-speaking gr-oup. 
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(e) Comparin; tne ••x••• 
1. In the Cape: 
The following gr-aph compar-es the fr-equencies with which boys and 
gir-ls in Cape schools select the differ-ent options. 
A 3, 
,~ .. ,IJ. il 
F 
"' .r J'D.I1 
Eoys ve~us Gi~ls. Cape. 
B = Boys 
. G = Gi~ls 
e 
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Note: 
1. Ther-e ar-e small differ-ences in the fr-equencies with which the 
two .groups select options a, d and e. 
2. 50/. of the boys and 51/. of the gir-ls select options which 
indicate a belief that only one for-ce is acting on the tyr-e; 
the most popular- one being a downwar-d for-ce only. 
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2. In Transkei: 
The following graph compares the frequencies with which boys and 







1. There are appreciable differences in the frequencies with 
which the two groups select options d and e. 43% of the boys 
and 52% of the girls select option d, which suggBsts that 
there is only an upwards force acting on. the tyre. 38% of the 
boys and 20% of the girls select option e, which suggest that 
' ' 
there is only a downward force acting on the tyre. 
2. 82% of the boys and 72% of the girls select options which 
indicate a belief in a single force acting on the tyre; the 
most popular being an upward force only. 
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Cf> Ccmparin; p~pil• tram Tcwn and Ccuntry ar••• in tM• Capoa 
The following graph compares the 
Afrikaans-speaking pupils who live in 
towns select the different options. 
















Tow ve:rsus Count:ry. Afl'il<a<ms. 
T = Cape Town 
C = CountJ>y 
frequencies with which 
Cape Town and in country 
1. There is a small difference in the frequency of selection of 
option a. This option is selected by 25% of the Cape Town 
group and 20% of th'e country group. 
2. 35% of both groups select option e, which suggest a belief in 
only an upward force acting on the tyre. 
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1. Standar-d 4 and standar-d·9 "no science" gr-oup. 
The following gr-aph compar-es the fr-equencies with which tape 



















Std.4 ve~sus std.9 non-science. 
.6 
4 = std..4 
9 = std.9 
1. Both gr-oups pr-efer- option e. 
2. Ther-e ar-e differ-ence in the fr-equencies with which the gr-oups 
select option b and c. Option b suggests that the for-ce acting 
upwar-ds is smaller- than the for-ce acting downwar-ds. This is 
selected by 20/. of the standar-d 4 gr-oup and 11/. of the 
standar-d 9 gr-oup. Option c suggests that the for-ce acting 
upwar-ds is lar-ger than the for-ce acting downwar-ds and is 
selected by 12/. of the standar-d 4 gr-oup and 20/. of the 
standar-d 9 gr-oup. 
3. 56% of the standar-d 4 gr-oup and 57% of the standar-d 9 gr-oup 
select options which show one for-ce only acting on the tyr-e. 
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2. Standards 4, 7 and 9 "science" group: 
The following graph compares the frequencies with which pupils in 






1. The groups differ on options a, b, d, and e and substantially 
so on option a. 
2. There is an increase in the frequencies of selection of option 
a from standard 4 through to standard 9. 
3. There is a decrease in the frequencies of selection of option 
e from standard 4 through to standard 9. 
4. Option e is the preferred option for the standard 4 and 7 
groups while a is the preferred opti~n of the standard 9 
group. 
5. 561. of the standard 4 group, 491. of the standard 7 group and 
271. of the standard 9 group select options which indicate the 
presence of a single force acting on the tyre; the preferred 
force being a downward force. Only 31. of the standard 9 group 
select a single upward force as the preferred option. 
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3. Standard 9 science pupils and standard 9 pupils who· do not do 
science: 
The following graph compares 
9 pupils who do science and 
different options. 
the frequencies with which standard 







9. Science ver-sus non-science. 
S = Science 










1. There is a very large difference in the frequencies with which 
options a and e are selected by the two groups. The majority 
of the science group select the correct opti6n while the 
majority of the group nbt doing science sel~ct option e, which 
suggests the presence of a ·single force acting downwards on 
the tyre. 
2. 24% of the science group select options which 1ndicate the 
belief that the forces acting on the tyre are not eq~~lly 
large~ Another 25% select the option which indicates a 
downwards force only. The option which suggests that only an 
upward force is acting on the t~re is very unpo~ular with this 
group. 
3. Both groups found option c· fairly attractive. Th1s option 
suggests that the upward acting force is larger than the 
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downward acting one. 
4. The correct option is selected by only 49% of the pupils who 
do science. 
(h) Seleotion of individusl options: 
The following graph compares the frequencies of selection of the 
different options across the different standards .. 
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Std.9 S Std.9 Ns 
~Option d 
1. There is a gradual increase in popularity .of option a to a 
peak with the standard 9 science pupils. 
2. There is a gradual decrease in the popularity of option e 
reaching a minimum with the standard 9 science pupils. 
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3. There is a decrease in popularity of option d from standard 6 
to standard 9 science pupils. 
4. The small but consistent support for options c and d~ which 
suggests that two forces act on the tyre but that these forces 
are not balanced, range from about 10% to 20% acro~s the 
standards. 
Summary: 
1. As far as the overall picture is concerned we find that: 
there is a marked preference 
pupils selecting this option. 
for option e, with 36% of the 
Option e suggests that only a 
downward force acts on the tyre. 
55% of the pupils select options which include only on~ force 
acting on the tyre. 
2. When we compare the frequenci~s with which .the different 
standards in Cape s~hools select the different options we find 
that: 
with the exception of the standard 9 pupils who do science the 
groups prefer option e; 
the standard 9 science pupils prefer option a, the correct 
option; 
option a increases in popularity to a maximum - with the 
standard 9 science pupils; 
option a is selected by only 49% of the standard 9 science 
pupils. 
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The following gr-aph compar-es the fr-equencies with which the 
differ-ent standar-ds select options which include one for-ce acting 
on the tyr-e only. 
Note: 
Ther-e is a decr-ease in the fr-equencies fr-om standar-d 6 to 
standar-d 9 ~cience pupils. 
The standar-ds 4, 5, 6 and the standar-d 9 non-science gr-oup ar-e 
fair-ly similar- in their- selection of these options. 
3. When we compar-e the standar-ds in Tr-anskei we find that: 
ther-e is a mar-ked pr-efer-ence for- option d. This option 
includes a for-ce acting upwar-ds only. 
the major-ity of pupils select options which include one for-ce 
acting on the tyr-e. 
4. When we compar-e the pupils in the Cape with their- counter-par-ts 
in Tr-anskei we find that: 
ther-e is consider-able differ-ence in the fr-equencies with which 
options d.and e wer-e selected; 
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T~anskei pupils p~efe~ option d while Cape pupils p~efe~ 
option e; 
58% of ~ape pupils and 76% o~ Transkei pupils s~lect options 
which indicate the belief that only one force is acting on the 
tyre. 
5. When we compare Afrikaans-and English-speaking pupils we find 
that: 
there are small differences in the frequencies with which 
options a, d and e were selected; 
43% of Afrikaans-speaking pupils and 56% of English-speaking 
pupils select options which incl~de only one force acting on 
the tyre. 
6. When we compare boys and girls from Cape schools we find 
that: 
there are small differences in the frequencies with which the 
groups select options a, d and e; 
e is the preferred option for both groups; 
50% of the boys and 51% of the girls select options which 
include only one force acting on the tyre. 
In Transkei we find that: 
there are big differences in the frequencies with which the 
two grbups select options d and- e. Girls prefe~ 6ption d. 
82% of the boys and 76% of the girls select options which 
include one force only acting on 
option is an upwa~d force. 
the tyre. The preferred 
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7. When we compare Afrikaans-speaking pupils who live in Cape 
Town with their counterparts living in country towns, we find 
that there is a small difference in the frequencies with which 
option a is selected. 
8. When we compare the standards we find that: 
standard 4. and standard 9 pupils who do not do science both 
prefer option e; 
there are small difference in their preference for options b 
and c by these two groups] 
56% .of the standard 4 group and 57% of the standard 9 group 
select options which include only one force actihg on the 
tyre; 
standard 4~ 7 and 9 pupils who do science differ in the 
frequencies with which they select different options. 
Standard 4 and standard 7 pupils prefer option e while 
standard 9 pupils who do science prefer option a. 
56% of the standard 4 group, 49% of the standard 7 group and 
27% of the standard 9 group select options which include only 
one force acting on the tyre. 
the standard 9 science pupils and the standard 9 pupils who do 
not do science differ very markedly on the frequencies with 
which they select options a and e. The science pupils prefe~ 
option a while the non-science group prefer option e. 
9. When we compare the frequencies with which the individual 
options are selected by the different standards we find that: 
option a increases in popularity up to the standard 9 science 
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pupils; 
option e decreases in popularity up to the standard ~ science 
pupils; 
option d decreases in popularity from standard 6 to the 
standard 9 science group; 
options b and c are selected with frequencies which fluctuated 
between 10/. and 20/.. 
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Question A 7: 
The sketch shows a man holding 
a,bucket of water in his hand. 
The sketch which best shows and 
compares the forces acting on the 
bJcket of water is : 
~ 
' 
~ : r ! 
(a) (b) (c) 
,. 




THe following graph shows the frequencie~ with which th~ 
d~fferent options are selected by the whole sample. 
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1. Option a, the correct option, is selected by 25% of the 
sample. 
2. 23% of the sample select option c, which indicates that only a 
downward force acts on the bucket. 
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3. Options c and d, which suggest that only one force is acting 
on the bucket, is selected by 37% of the sample. 
4. 38% of the sample select options b and e, which indicate that 
two forces of unequal magnitude act on the bu6k~t. 
(b) According to standard: 
1. In the Cape: 
The following graph compares the frequencies with which the 
different options are selected by the different standards in the 
Cape. 
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1. There is an increase in popularity of option a, the correct 
option, from standard 4 through to standard 9·pupils who do 
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science. 
2 ·• There is a decrease in popularity of opt ion c, the opt ion 
which suggests that only a downward force acts on the bucket, 
from standard 4 through to standard 9 pupils who do science. 
3.: Option d, the option which suggests that only an upward force 
acts on the bucket, is unpopular with all of the groups. 
4J Options b and e, which suggest that two forces of unequal 
magnitude act on the bucket, are selected by between 20% and 
30% of the groups. However, option e, the option which 
suggests that the upwards force is the larger, is the more 
popular. 
2.: In Transkei: 
The following graph compares the frequencies with which the 
different standards in Transkei select the different options. 
A?. 
X ·n R llcco:rding to standal'd. (TN.nsl<ei> 
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~ -ID.ll i 5 6 ;:j 6 = Std.6 
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n ,,, 11 I ~ .t" ..1 t'.J c Ju, ~ . :YJ :":r·"_l .-:-:fJ 
_v DB~ _ o/1 •·-vi 8":¥1 
Note: 
1. Options a, b,and e are unpopular. These options all suggest 
that two forces are acting on the bucket. 
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2. Ther-e is a decr-ease in popular-ity of option d, the option 
which suggests that only an upwar-d for-ce is acting on the 
bucket, .fr-om standar-d 4 thr-ough to standar-d 6. 
3. Ther-e is an incr-ease in popular-ity of option c, the option 
which suggests that only a downwar-d for-ce is acting on the 
bucket, fr-om standar-d 4 thr-ough to standar-d 6. 
4. Option d is the most popular- option with all of the gr-oups 
except the standar-d 6 gr-oup, which has a small pr-efer-ence for-
option c. 
The following gr-aph compar-e• the fr-equencies with which 
standar-ds 4, 5 and 6 pupils in the Cape and Tr-anskei select the 
differ-ent options. 
A 7. 
Cape uex>Sus Tl'anskei. 
C = Cape. 
T = Il'anske i . 
Note: 
1. Ther-e ar-e lar-ge differ-ences in the fr-equencies with which most 
of the options ar-e selected by the two gr-oups except in the 
case of option c. 
2. Although pupils in the Cape pr-efer- option c which suggests a 
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downward acting force only acting on the bucket, they also 
select some of the other options which suggest that two forces 
are acting on the bucket, with fairly high frequencies. 
3. Pupils in Transkei prefer option d and c in that order. These 
options suggest that only one force acted on the bucket, the 
option which suggest~ an upward only force being the more 
popular. 
4. 39/. of Cape pupils and 75/. of Transkei pupils select options 
which indicate 6nly one force acting on the bucket. 
(d) Comparing language groups in the Cape: 
The following graph compares the frequencies with which 
Afrikaans~and-English-speaking pupils in Cape schools select the 
different options. 
X U..U 












A = Af~ikaans. 




1. The two groups differ markedly only in the frequencies with 
which they select options c and e. 
2. Option e, which suggests that the upward force is larger than 
the downward force, is selected by 28/. of Afrikaans~speaking 
259 
Chapte~ 6 Static equilib~ium Question A 7 
pupils and 18% of English-speaking pupils. 
3. Option c, which suggests that only a downwa~d fo~ce is acting 
on the bucket, is selected by 16% of Af~ikaans-speaking pupils 
and 24% of English-speaking pupils. 
4. That option d is unpopula~ with the pupils in the Cape is 
clea~ly illust~ated. 
5. 21% of Af~ikaans-speaking pupils and 28% of Engl~sh-speaking 
pupils select options which indicate that only one fo~ce is 
acting on the bucket. 
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(e) Comparing the sexes: 
1. In the Caoe: 
The following graph compares the frequencies with which boys and 
girls in Cape schools select the different options. 
A 7. 
X ~il," 
Boys ve~us Ci~ls. Cape. 
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1. The two groups differ noticeably in the frequencies with which 
they select options a and d. 
2. 34% of the boys and 24% of the girls select option a. 
3. 4% of the boys and 9% of the girls select option d. 
4. 26% of the boys and 33% of the girls select options which 
suggest a single force acting on the bucket, a downward force 
being the preferred choice of both groups. 
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2. In Transkei: 
The following graph compares the frequencies with which .boys and 


















Boys versus Gi~ls. T~anskei. 
.6 c 
'"1ption.Jo-
B = Boys 
G = Gi:rls 
1. There is a marked preference of both the groups for options c 
and d. Thi~ contrasts sharply with pupils in Cape schools. 
2. The boys are fairly evenly divided in their selection of 
options c and d. 
3. The girls clearly prefer option d, the option which suggests 
.that only an upward force is acting on the bucket. 50% of them 
select this option while only 37% of the boys did. 
4. 75% of the boys and girls select options which indicate .the 
presence of a single force only acting on the bucket. 
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(f) Comparing pupils' from Cape Town and country towns: 
The following graph compares the frequencies with which 
Afrikaans-speaking pupils living in Cape Town and country towns 
select the different optiohs. 
Note: 
F .lll. il )0 
e 
g· ,?8, 11 
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Town versus Count~. Af~ikaans. 
I = Cape Town 
C = Count~y. 
1. There are only small differences between the two groups in 
their selection of options c and e. 
2. 29% of country pupils and 23% of city pupils select option e, 
the option which suggests that the upward force is larger than 
the downward force. 
3. 20% of the city pupils and 15% of the country pupils select 
option c, which suggests that only a downward force acts on 
the bucket. 
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(g) Comparin; di11erent •tandard•s 
1. Standard- 4 and standard 9 "no science" group: 
The following graph compares the frequencies with which the 
different options are selected by Cape standard 4 pupils and 


















Std.4 ue~us std.9 non-science. 
(Jpfilln.Jo-
4 = std.4 
9 = std.9 
1. The two groups differ markedly in the frequencies with which 
they select the different options. The largest differences 
occur in the frequencies with which options a, c and e are 
selected. 
2. 13/. of the standard 4 group and 25/. of the standard 9 group 
select option a, the correct option. 
3. 33/. of the standard 4 group and 18/. of the standard 9 group 
select option c, which suggests that only a downward for.ce 
acts on the bucket. 
3. 17/. of the standard 4 group and 28/. of the standard 9 group 
select option e, which suggests that the upward force is 
larger than the downward force. 
4. 46/. of the standard 4 group and 28/. of the standard 9 group 
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select options which indicate that only one for-ce acts on the 
bucket. 
5. 421. of the standar-d 4 gr-oup and 48% of the standa~d 9 gr-oup 
believe that two for-ces of unequal magnitude act on the 
bucket; 25% of the standar-d 4 gr-oup believe that a downwar-d 
for-ce is the lar-ger- while 28% of .the standar-d 9 gr-oup believe 
that an upwar-d for-ce is the lar-ger-. 
2. Standar-ds 4, 7 and 9 "science gr-oup": 
The following gr-aph compar-es the fr-equencies with which 
standar-ds 4, 7 and 9 pupils who do science, select the differ-ent 
options. 
A7. 
a;,d 9 science. 
.Y 










1. Ther-e is a mar-ked incr-ease in the fr-equencies with which 
option a, the cor-r-ect option, is se l e.c ted f r-.om standar-d 4 to 
standar-d·9. 
2. Option d is the most unpopular- option with all thr-ee of the 
gr-oups. It is not selected at all by the standar-d 9 gr-oup. 
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3. There is a steady decrease in popularity of option c from 
standard 4 through to standard 9. 
4. Options b and e, which suggest that two forces of unequal 
magnitude are acting on the bucket, are selected by a fair 
fraction of the groups. 22/. of the standard 9 group believe 
that the upward force was larger than the downward force while 
23/. of the standard 7 group believe that the downwa~d fbrce 
was larger than the upward force. 
3. Standard 9 science pupils and standard 9 pupils who.do not do 
science: 
The following graph compares the frequencies with which standard 
9 pupils who do science and standard 9 pupils who do not do 
science select the different options. 
Note: 
A?. 
,, sta. 9. Science vel'S us non-science. 
.... bilr p S = Science. 








Jl I!: II 
l~ 
''ptiiJn~-
1. With the exception of option e, large differences exist in the 
fequencies with which the two groups select the diffe~ent 
options. 
2. 60/. of the science group and 25/. of the non-science group 
select option a, the correct option. 
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3. Option d is the most unpopular. option with both groups - and 
particularly so with the science group. 
(h) Selection of individual options: 
The following graph compares the frequencies with which the 
individual options are selected by the different standards in the 
Cape. 
A7 






~ Option e 
Std.5 Std.6 Std.7 Std.S Std.9 S Std.9 Ns 
Standard 
-+- Option b ......__ Option c --a-:- Opt ion d 
1. There is an increase in popularity of option a from standard 6 
through to standard 9 science pupils. 
2. There is a decrease in popularity of option d. 
3. The frequencies with which option c is selected fluctuates 
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between 20% and 30% across the different standards. 
4. There is a decrease in popularity of option e from standard 4 
through to standard 9 science pupils. 
5. Option b receives a fair amount of support with the standards 
5, 6, 7, 8 and 9 non-science pupils. 
Summary: 
i. As far as the overall picture is concerned we find that: 
25% of the sample select option a, the correct option; 
38% of the sample select options which indicate that two 
forces of unequal magnitude act on the bUcket; 
37% of the sample seleGt options which indicate that only one 
force acts on the bucket. 
2. When we compare the frequencies with which the different 
standards in the Cape select the different options, we find 
that: 
option a increases in popularity reaching a maximum with the 
standard 9 science pupils; 
option c,which suggests only ~ ·downward force was acting on 
the bucket, decreases in popularity reaching a minimum with 
the standard 9 science pupils;· 
options which suggest two forces of unequal magnitude are 
acting on the bucket are fairly popular; 
option d, which suggests that only an upward force acts on the 
bucket, is very unpopular with all of the groups. 
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The following graph compares the frequencies with which the 
different standards select options which indicate the presence of 












4 6 ~· _9 flt!_ .. 
J~fant!.1N 
Note: 
1. There is a decrease in the frequencies with which options 
which indicate the presence of one force only are selected 
from standard 4 through to the standard 9 science pupils. 
3. When we compa~e the frequencies with which the different 
standards in Transkei select the different options we find 
that: 
options which suggest the presence of two forces acting on the 
bucket, are unpopular with all the standards; 
option c, which suggests that only a downward force acts on 
the bucket, increases in popularity to reach a maximun with 
standard 6; 
option d, which suggests only an upward force acting on the 
bucket, decreases in popularity to reach a minimum with 
I 
standard 6, but it is the most popular choice with the other 
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two standards. 
4. When we compare the pupils in the Cape with their counterparts 
in Transkei we find that: 
the two groups differ in the frequencies with which they 
select the different options; 
Transkei pupils select the option which suggest only an upward 
force acting on the bucket in preference to the others while 
in the Cape the preferred single option is that of only a 
downward force acting on the bucket; 
39% of Cape pupils and 75% of Transkei pupils select options 
which indicate the presence of one force only acting on the 
bucket. 
5. When we compare Afrikaans-and English-speaking pupils we find 
that: 
the two groups differed.materially only in the frequencies 
with which they select options c and e; 
28% of Afrikaans-speaking pupils and 18% of English-speaking 
pupils believe that the upward force acting on the bucket is 
larger than the downward-acting force while 24% of 
English-speaking pupils and 16% of Afrikaans-speaking pupils 
believe that only a downward force acts on the bucket. 
6. When we compare the frequencies with which boys and girls in 
the Cape select the different options we find that: 
34% of the boys and 24% of the girls select the correct 
option; 
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26% of the boys and 33% of the girls believe that only one 
force acts on the bucket, the downward force being the popular 
one. 
In Transkei we find that: 
boys and girls both prefer options which indicate the presence 
of a single force acting on the bucket, the boys being fairly 
evenly divided between an upward and downward force while the. 
girls prefer an upward force. 50% of the girls and 37% of the 
boys believe that only an upward force acts on the bucket; 
75% of boys and girls believe that a single force acts on the 
bucket. 
7. When we compare the frequencies with which Afrikaans-speaking 
pupils who live in Cape Town and in country towns select the 
different options, we find that there ate small differences in 
the frequencies with which the two groups select options c and 
e only. Slightly more country pupils thought that the upward 
force is larger than the do~nward force while slightly more 
Cape Town pupils thought that only a downward force acts on 
the bucket. 
8. When we compare some of the standards we find that: 
the standard 4 group and 
differed markedly in the 
the standard 9 non-science group 
frequencies with which they select 
all of the options, the most marked differences being in the 
selection of options a, c and e; 
13% of the standard 4 group and 25% of the standard 9 group 
select the correct option; 
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33% of · the standard 4 group and 18% of the standard 9 group 
thought that only g downward force acted on the bucket; 
17% of 'the standard 4 group and 28% of the standard 9 group 
thought that the upward force acting on the bucket is larger 
than the downward force; 
the frequencies with which the correct option are selected 
increases frqm standard 4 reaching a maximum with the standard 
9 science pupils while the frequencies with which the option 
suggesting only a downward acting force decreases from 
standard 4 to standard 9; 
a fair proportion of each of the groups select options which 
indicate a belief in two forces of unequal magnitude acting on 
the bucket; 
the standard 9 science pupils and non-science pupils·differed 
very markedly in the frequencies with which they select most 
of the options, option e being the exception. 
9. When we compare the frequencies with which the individual 
options are sele~ted by the different standards we find that: 
option a increases in popularity up to a maximum with the 
standard 9 science pupils; 
options d and ~ decrease in popularity with a mini~um at the 
standard 9 science pupils; 
option b, which suggests that the downward force acting on the 
bucket is larger than the upward force, is selected fairly' 
consistently by all of the groups, as is option c which 
suggests the presence of only a downward force. 
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The sketch shows a loaf of bread 
lying on a table. The sketch which 
best shows and compares the forces 
acting on the bread, is: 
(a) The overall picture: 
(1u 
The following graph compares the frequencies with which the 
different options are selected by the whole sample. 
Note: 
1. Option e, which suggests that the only force acting on the 
loaf of bread is a downward one, is ov~~whelmingly popular. 
2. Option b, the correct option, is selected by only 18/. of the 
sample. 
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3. Options which suggest the presence of two forces acting on the 
loaf of bread is selected by 37/. of the sample only. 
(b) According to standard: 
1. In the Cape: 
The following graph compares the frequencies with which 
different options are selected by the different standards 
schools in .the Cape. 
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1. Options a and c are very unpopular with all of the groups. 
2. Option d receives fair support from most of the groups. 
the 
in 
3. Option b, the correct option, increases in popularity to reach 
a maximum with the standard 9 science group. 
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4t There is overwhelming support for option e, the option which 
suggests that only a downward force acts on the loaf of bread, 
by all of the groups except the standard 9 science group, who 
nevertheless found it only slightly less attractive than 
option b. 
2 .. In Transkei: 
The following graph compares the frequencies with which the 





4 = Std.4 
5 = Std.5 
6 = Std.6 
c 
cJptiun~-. 
1; Options a and ei which suggest the presence of on~ force only 
acting on the loaf of bread, are the most popular although the 
other options receive limited support. 
2. There is a decrease in the popularity of option a from 
standard 4 to standard 6. 
3. There is an increase in popularity of option e from standard 4 
to standard 6. 
4.· Option e is the most popular with the standard 5 and 6 groups 
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while option a is slightly more popular with the standard 4 
group. 
(c) Comparing the Cape and Transkei: 
The following graph compares the frequencies with which 
standards 4, 5 and 6 pupils in the Cape and Transkei select the 
different options. 
A 9. 
Cape vel:'Sus Tl'anskei. 
C = Cape. 
T = Transke i. 
c f' 
Note: 
1. There are large differences in the frequencies with which the 
two groups select options a and e. 
2. Option a, the option which suggests that an upward force orily 
acts on the loaf of bread, is selected by 5% of Cape pupils 
and 27% of Transkei pupils. 
3. Option e, the option which suggests that a downward force only 
acts on the loaf of bread, is selected by 67% of Cape pupils 
and 43% of Transkei pupils. 
4. 72% of Cape pupils and 70% of Tran.skei pupils select options 
which indicate the presence of one force only acting on the 
loaf of bread. 
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(d) Comparing the language groups in the Cape: 
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frequencies 
in the Cape 
Question A 9 
with which 
select 'the 
1. There is very small differences between the frequencies with 
which the different groups select the different options. 
2. Both groups prefer option e, the option which suggests that 
only a downward force acts on the loaf of bread. This option 
is selected by 56% of the Afrikaans-speaking group and 63% of 
the English-speaking group. 
3~ Both groups found option b, the correct option, the next most 
popular with 23% of the Afrikaans-speaking group and 18% of 
the English-speaking group selecting it. 
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(e) Comparing the sexe$: 
1. In the Cape: 
The following graph compares the frequencies with which boys and 
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1. There are only very small differences in the frequencies wtth 
which the two groups select the different options and the 
overall picture for the two groups is therefore very similar. 
2. 59% of the boys and 59% of the girls select option e. 
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2 J In Transkei: 
I 
T~e following graph compares the 
g~rls in Transkei schools select 
frequencies with which boys and 
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1~ Although there are small differences between the frequencies 
with which the two groups select the different options, the 
general pattern is the same for both of them in that both 
groups prefer options a and e. 
2~ 24% of the boys and 29% of the girls select option a, which 
suggests only an upward force acting on the loaf of bread. 
3~ 50% of the boys and 38% of the girls select optitin e, which 
suggests that only a downward force acts on the loaf of 
bread. 
279 
Chapter 6 Static equilibrium Question A 9 
(f) Comparing pupils-from Town and oountry areas in the Cape: 
The following graph compares the frequencies with which 
Afrikaans- speaking pupils living in Cape Town and country towns 
select the different options. 
Note: 
A 9 I • 
Town ve~sus Count~J. Ai~ikaans. 
T = Cape Town. 
C = Coun tl'Y • 
r)pf.il7n~-
1. There is no noteworthy differences in the frequencies with 
which the two groups select the different options. 
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(g) Comparing different standards: 
1. Standard 4 and standard 9 non-science pupils: 
The following graph compares the frequencies with which standard 























4 vs. std.9 non-science. 
4 = Std. 4 
9 = Std. 9 
1. There is virtually no difference in the f~equencies with which 
the t"o groups select the different options. 
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2. Standards 4. 7 and 9 science pupils: 
The following graph 
·in standards 4, 7 
options. 
compares the frequencies with which pupils 
and 9 science group . select the different 
A 9. 




4 = std.4 
7 =std.? 
9 = std.9 
1. There is a marked increase in popularity of option b, the 
correct option from standard 4 to standard 9. 
2. There is a decrease in popularity of option d, the option 
which suggests that a small upward force acts on the loaf of 
bread from standard 4 to standard 9. 
3. Option e is very popular with the standard 4 and 7 groups and 
although it is not as popular as option b with the standard 9 
group, it is nevertheless selected by 40% of the standard 9 
group. 
282 
Chapter- 6 Static equilibr-ium Question A 9 
3. Standar-d 9 science and non-science gr-oups: 
The following gr-aph compar-es the fr-equencies with which the 
standar-d 9 pupils who do science and those who do not do science 
select the differ-ent options. 
Note: 
1. Option a is ver-y unpopular- with both gr-oups. 
2. The two gr-oups differ- mar-kedly in the fr-equencies with which 
they select options b ~nd e. Option b is selected by 45/. of 
the science gr-oup and 17/. of the non-science gr-oup. 42/. of the 
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(h) Selection of individual options: 
The following graph compares the frequencies with which the 
individual options are selected by the different standards. 
A9 
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1. There is an increase in popularity of option b, the correct 
option, to a maximum with the standard 9 science group. 
2. Option e, the option which suggests only a single downward 
force acts on the loaf of bread .. is very popular with all of 
the groups. 
3. The other options which include options suggesting forces of 
unequal magnitude acting on the loaf, are unpopular. The 
option which suggests only a single upward force acting on the 
loaf is very unpopular with all of the groups. 
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Summary: 
1. As far- as the over-all pictur-e is concer-ned we find that: 
55% of the sample select the option which indicated a single 
downwar-d for-ce acting on the loaf of br-ead; 
37% of the sample select options which indicated. two for-ces 
acting on the loaf of br-ead; 
18% of the sample select the cor-r-ect option. 
2. When we compar-e the fr-equencies with which the differ-ent 
standar-ds in Cape schools select the differ-ent options we find 
that: 
option e is the favoor-ite option of all of the classes except 
the standar-d 9 science gr-oup whose second most popular- option 
it is; 
in Cape schools the major-ity of pupils in all of the differ-ent 
standar-ds do not believe that' the table can exer-t an upwar-d 
for-ce on the loaf of br-ead. 
The following gr-aph compar-es the fr-equencies 
which indicate a single for-ce only acting 
selected by the differ-ent standar-ds: 
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Note: 
1. Options which indicate the presence of a single force only are 
selected with very high frequencies. If we t~ke into 
consideration that option a is relatively unpopular, then.it 
is clear that option e is very popular with the different 
groups. 
3. When we compare the frequencies with which the different 
standards in Transkei schools select the different options we 
find that options a and e are selected most frequently with 
option e being the most popular with standard 5 and 6 pupils 
while option a is more popular with standard 4 pupils. 
4. When we compare the pupils in standards 4, 5 and. 6 in. the Cape 
and Transkei we find that: 
the two groups differ markedly in th~ frequencies with which 
they select options a and e, with the vast majority of Cape 
pupils indicating a believe in only a downward force aoting on 
the loaf of bread. A substantial proportion of Transkei pupils 
indicate a belief in only an upwards force acting on the 
loaf. 
72% of Cape pupils and 70% of Transkei pupils believe that 
only one force acts on the loaf of bread. 
5. When we compare Afrikaans-and-English-speaking pupils we find 
that only very small differences exist in the frequencies with 
which the two groups select the different options. 
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6. When we compare the frequencies with which boys and girls in 
Cape schools select the different options we find very small 
differences in the frequencies with which the two groups 
select the different options. 
In Transkei we find that the two groups differ slightly in the 
frequencies with which they select the different options. 
Although option a receives a fair amount of support from both 
groups, option e, the option which indicates only a downward 
force acting on the loaf of bread, is the most popular among 
the boys and the girls. 
7. When we compare 
pupils who live 
the frequencies with which Afrikaans-speaking 
in Cape Town and country towns select the 
different options, we find no real differences between the two 
groups. 
8. When we compare some of the standards we find that: 
no appreciable difference exists between the standard 4 group 
and the standard 9 non-science group; 
standards 4, 7 and 9 science pupils differ in the frequencies 
with which they select the options and while option e is the 
most popular with the standard 4 and 7 groups, it is the 
second most popular with the standard 9 group; 
the standard 9 science and non-science groups differed very 
markedly in the frequencies with which they select options b 
and e. The majority of the science group select the correct 
option while the majority of the non-science group select 
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option e. 
9. When we compare the frequencies with which the individual 
options are selected by the different standards in the Cape we 
find that: 
option e is the most popular with all the groups except the 
standard 9 science group and that its popularity decreases to 
a minimum with standard 9 science pupils; 
the popularity of option b increases to a maximum with the 
standard 9 science group; 
option a is very unpopular with all of the groups. 
288 
The sketch shows a man 
holding a brick in his 
hand. The sketch which 
best shows the forces 
acting on the brick is 
(a) (b) 
(a) The overall picture: 
Question A 11: 
(c) ( d ) (e) 
The following graph shows the frequencies with which the 
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Note: 
1. Option b, the correct option, is selected by 28/. of the 
pupils. 
2. 33/. of the pupils select option e, the option which indicates 
a downward force only acting on the brick. 
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3. 201. of the pupils select option d, the option which indicates 
that ther-e ar-e two for-ces acting on the br-ick but that the 
downwar-d for-ce is lar-ger- than the upwar-d for-ce. 
4. 391. of the pupils select options which indic~te a single force 
only acting on the br-ick . 
(b) Accor-ding to standar-d: 
1. In the Cape: 
The following gr-aph compar-es the fr-equencies with which Cape 






1. Option a, 
A 11 
Cape: According to standard 
b c d e 
Options -Stcl.5 EEl Std.6 - Std.7 D Std.Q S IIIII Std.Q Ns 
the option which indicates an upwar-d for-ce only 
acting on the br-ick, is extr-emely unpopular-. 
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2. There is an increase in the frequencies with which the correct 
option, option b, is selected, reaching a maximum with the 
standard 9 science group. While there is very litle difference 
between the frequencies with which the standard 4, 5 and 6 
groups select this option, there is a marked increase in the 
difference upon going to standard 7 g~oup. Thereafter the 
difference increases steadily. 
3. There is a decrease in the frequencies with which option e is 
4. 
selected, to a minimum with the standard 9 science group. 
The decrease in the frequencies with which option d is 
selected, reaches a minimum with the standard 9 science group. 
This option implies that two forces are acting on the brick 
and that the downward force is larger than the upward force. 
It has reasonable support from all of the standards. 
5. There is an increase in the frequencies with which option c is 
selected. This option implies that there are two forces dCting 
on the brick but that the upward force is larger than the 
downward force. 
6. the standards differ in the frequencies with which they select 
the different options. 
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2. In Transke i: 
The following graph compares the frequencies with which the 








1. There is overwhelming support from all of the classes for 
option e, ~hich indicates a downward force onli acting on the 
brick. 
2. There is a decr~ase in the frequencies with which option a is 
selected. This option indicates an upward force only acting on 
the brick. 
3. Options c and d are upopular. These options indicate two 
forces of unequal magnitude acting on the brick. 
4. The most popular choice here is for a single force acting on 
the brick. 
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(c) Comparing the Cape and Transkei: 
The following graph compares the frequencies with which 
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Note: 
1. The groups differ markedly in the frequencies with which they 
select the different options. 
2. Both groups find option e the most attractive. It is selected 
by 37% of Cape pupils and 48% Transkei pupils. 
3. 24% Transkei and 3% Cape pupils select option a, the option 
which suggests an upward force only acting on the brick. 
4. 27% of Cape and 10% of Transkei pupils select option·d, the 
option which suggests that there are two forces acting on the 
brick with the upward force smaller than the downward one. 
5. 20% of Cape and 14% of Transkei pupils ~elect the correct 
option. 
6. 12% of Cape and 4% of Transkei pupils select Dption c, the 
option which indicates two forces acting on the brick with the 
upward force larger than the downward one. 
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(d) Comparing the language groups in the Cape: 
The following graph compares the 
Afrikaans-and-English-speaking pupils 
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Af~ikaans us. Inglish. 
A = AfJ>ikaans 
E = English 
frequencies with 
in schools in .the 
which 
Cape 
1. There are small differences in the frequencies with which the 
two groups select the different options but the general 
pattern of selection is the same. 
2. It is only on option e that the two groups differ to any 
marked degree. This option is selected by 23% of Afrikaans-
and 33% of English-speaking pupils .. 
3. 38% of Afrikaans-and 32% of English-speaking pupils select 
options which indicate two forces of unequal magnitude acting 
on the brick. \. 
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(e) Comparing the sexes: 
1. In the Cape: 
The following graph compares the frequencies with which boys and 
girls in school in the Cape select the different options. 
Note: 
1. The two groups differ markedly in their selection of options 
b, c, d and e. 
2. Option a is very unpopular with both groups. 
3. 401. of the boys and 241. of the girls select the correct 
option, option b. 
4. 181. of the boys and 131. of the girls select option c. This 
indicates a belief that two forces are acting on the brick 
with the upward force larger than the downward force. 
5. 181. of the boys and 271. 'of the girls believ that the downward 
force is larger than the upward force acting on the brick. 
6. 221. of the boys and 351. of the girls believe that only a 
downward force acts on the brick. 
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2. In Transkei: 
The following graph compares th~ frequencies with which boys and 
girls in Transkei select the different options 
A 11. 
X .f/l, 8 
Boys vel'S us Ci l' 1 s. T:ranskei. 
B = Boys 
F .f'/l, 8 G = Ci:rls 
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Note: 
1. The two groups differ in the frequencies with which they 
select option a and e. These options indicate only one force 
acting on the brick. 
2. 18% of the boys and 30% of the girls believe that an upward 
force only is acting on the brick. 
3. 55% of the boys and 41% of the girls believe that a downward 
force only is acting on the brick. 
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(f) Comparing pupils from Town and country areas in the Cape: 
The following graph compares the frequencies with which 
Afrikaans-speaking pupils living in Cape Town and country towns 
select the different options. 
A 11. 
,Y .([1,8 
Town ve~sus Count~y. Af~ikaans. 
T T : Town 
F 
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1. There is virtually no difference in the frequencies with which 
the two groups select the different options. 
2. 34% of Cape Town and 30% of country pupils select the correct 
option. 
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(g) Comparing different standards: 
1. Standard 4 and standard 9 non-science group: 
The following graph compares the frequencies with which standard 














Std.4 vs. Std. 9 non-science. 
4 = Std.4 
9 = Std.9 
9 
1. The two groups differ appreciably in the frequencies with 
which they select options b, c and e. 
2. 17% of the standard 4 group and 26% of the standard 9 group 
select the correct option, option b. 
3. 10% of the standard 4 group and 21% of the standard 9 group 
believe that the upward foroe acting on the brick is larger 
than the downward force. 
4. 44% of the standard 4 group and 23% of the standard 9 group 
believe that only a downward force acted on the brick. 
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2. Std.4. 7 and 9 science pupils: 
The following 
standards 4, 7 
options. 
graph · compares the frequencies with which 
and 9 pupils who do science select the different 
A.ll 
X 6"8.11 .., 
Std.4, 7 and 9 science. 
.fil.D ~ 4 = Std.4 F 7 = Std.7 
J" ~8~ 9 = Std.9 
~ 
.?8.8 i 9" = (/ I? ,.;"'il,l7-1 
n 18.8J 
n ... 
ll. 11 .Y 
.-1 -~ t~ tl I? 
llpl.tl.1n,!o-
Note: 
1. The increase in the frequencies with which the correct option, 
b, is. selected from standard 4 through to standard 9. This 
may be the result of learning ot, as the pupils who do science 
in standard 8 and 9 select to do so, it is also possible that 
they have a better grasp of science. 
2. There is a decrease in the frequencies with which option e is 
selected. 
3. While option d is fairly popular with the standard 4 group, 
there is a decrease in its popularity thereafter. 
299 
... 
Chapter 6 Static equilibrium Question A 11 
3. Std. 9 science pupils and std. 9 non-science pupils: 
The following graph compares 
9 pupils who do science and 
the different options. 
the frequencies with which staridard 
those who do not do science select 
A.11 
A·· ~u,p 
Std.9. Science vel'S us non-science. 
S = Science 












1. There is a very large difference in the frequencies with 
which the two groups select option b, the correct option: 58% 
of the science group but only 37% of the non-science group 
select this option. 
2. 28% of the non-science group and 12% of the science group 
select option d, which indicates a belief in two forces acting 
on the brick but with the upward force smaller than the 
downward force. 
3. The non-science group select options b, c, d and e more or 
less evenly while the science group showed overwhelmLng 
support for option b. 
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(h) Selection of individual option•• 
The following graph compares the frequencies with which the 
individual options are selected by the different standards in the 
Cape. 
A 11 













~ Option e 
Std.6 




_._ Option c 
Std.9 S Std.9 Ns 
~Option d 
1. Option a is unpopular with all of the groups. This is the 
option which indicates only an upward force acting on the 
brick. 
2. There is an increase in the popularity of opt1on b to a 
maximum with the standard 9 science group. 
3. There is a decrease in popularity of option e to a minimum 
with the standard 9 science group. 
' 
301 
Chapter 6 Static equilibrium Question A 11 
4. With the standard 4 and 5 groups option d is fairly popular. 
Its popularity decreases as that of option c increases. These 
options indicate the presence of 
magnitude acting on the.brick. 
two forces of unequal 
Summary: 
1. As far as the overall picture is concerned we find that: 
281. of the sample select the correct answer. 
33/. of the sample select a single downward force acting on the 
brick. 
39/. of the sample believe that a single force acts on the 
brick. 
201. of the sample believe that two forces act on the brick 
with the upward force smaller than the downward force. 
2. When we compare the frequencies with which the different 
standards in Cape schools select the different options, we 
find that: 
the frequencies with which the different standards select the 
different options differ; 
the frequencies with which option b, the correct option~ is 
selected increases to a maximu~ with the standard 9 sci~nce 
group; 
the frequencies with which option e, which suggests a s~ngle 
downward force acting on the brick, is selected decreases to a 
minimum with the standard 9 science group; 
options c and d, which indicate two forces of unequal 
magnitude acting on the brick, has reasonable support from all 
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·. 
of the standards; 
option a, which indicates a single upward force acting on the 
brick, is the least popular with all of the standards. 
The following graph compares the, frequencies with which the 
different standards select options which indicate a single force 
only acting on the brick. 
Note: 
There is a decrease in the frequencies from standard 6 to the 
standard 9 science group. There is clearly an increases 
awareness of the presence of two forces acting on the brick. 
3. When we compare the frequencies with which the different 
standards in Transkei select the. different options we find 
that: 
the standards are divided between options a and e, with option 
e being the more populat. This indicates that children in the 
Transkei have a very strong belief in a single force only 
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acting on the brick. 
4. When we compare the pupils in the Cape and Transkei we find 
that: 
the two groups differ very markedly in the· frequenctes with 
which they select the different options but they both· fi'nd 
option e the most attractive. This option suggests that a 
single downward force acts on the brick and is selected by 37% 
of the Cape pupils and 48% of Transkei pupils; 
3% of Cape pupils and 24% of Transkei pupils select option a 
which suggests a single upward force acting on the brick; 
27% of Cape pupils and 10% of Transkei pupils select option d 
I 
which suggests that two forces act on the brick with the 
upward force being smaller than the downward force. 
5. When we Gompare Afrikaans-and English-speaking pupils we find 
that the two groups differ mainly in the frequencies with 
which they select option e. This option is selected by 23% of 
Afrikaans-speaking pupils and 33% of English-speaking pupils. 
6. When we compare the frequencies with which boys and girls in 
Cape schools select the different options, we find that: 
the two groups differ in the frequencies with which they 
select options b, c, d and e; 
40% of the boys and 24% of the girls. select option b, the 
correct one; 
18% of the boys and 27% of the girls believe that the downward 
force acting on the brick is larger than the upward force; 
22% of the boys and 35% of the girls believe that only a 
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downward force acted on the brick. 
In Transkei we find that: 
boys and girls differ mainly in their selection of options a 
and e; 
18% of the boys and 30% of the girls select option a, which 
indicates a single upwards force acting on the brick; 
55% of the boys and 41% of the girls select option e, which 
indicates a single downward force acting on the brick; 
7. When we compare Afrikaans-speaking pupils who live in Cape 
Town and in country towns we find that there is virtually no 
difference in the frequencies with which these two groups 
select the different options. 
8. When we compare some of the standards we find that: 
the standard 4 and standard 9 non-science groups differ in the 
frequencies with which they select options b, c, d and e. This 
difference is especially large in the case of 
is selected by 40% of the standard 4 group 
standard 9 group; 
option e which 
and 23% of the 
there is an increase in the frequencies with which standard 4, 
7 and 9 science pupils select the cor~ect option; 
there is a decrease in the frequencies with which these 
standards select option e which suggests a downward force only 
acting on the brick; 
the standard 
markedly in 
9 science and non-science groups differed very 
the frequencies with which they select the 
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different options - especially in the case of option b which 
is selected by 58% of the science group and 37% of the 
non-science group. 
9. When we compare the frequencies with which the individual 
options are selected by the different standards we find that: 
option a is very unpopular with all of the groups; 
option b increases in popularity reaching a maximum with ·the 
standard 9 science group; 
option e decreases in popularity reaching a minimum with the 









Forces involved in interaction between bodies 
Introduction: 
In the previous investigations involving forces acting between 
two bodies reviewed on p. 61 it was found that pupils or students 
think that 
(a) the more massive body exert the larger force. (Helm, Terry 
and Jones, Maloney.) 
(b) when motion is involved the body causing the motion exerts 
the larger force.(Watts and Zylberstajn, Maloney.) 
The situations which we used were rather similar to those used by 
Watts and Zylberstajn. In their tug-~f-war with motion they found 
that 82% of their sample of 14 year olds believed that the person 
who was winning exerted the larger f6rce. We used a similar 
situation to investigate the prevalence of this belief amongst 
our own pupils. To investigate the prevalence of the belief that 
the larger body exerts a larger force, we used a tug-of-war 
situation in which one of the·competitors was obviously smaller 
than the other one. 
Results: 
1. Question AS dealt with the tug-of-war situation between 
competitors of unequal size but with no motion involved. 
Using this situation we find that 31% of our whole sample 
demonstrate the belief that the more massive body exerts the 
larger force. However, an analysis of the frequency with 
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which this belief is held by pupils in the different standards 
clearly shows that it is by no means equally widely held by 
pupils in each of the different standards in schools in the 
Cape. The proportion of pupils who share this belief decreases 
dramatically across the standards from a high of 51% for 
standard 4 pupils to a low of 12% for standard 9 science 
pupils. ConVersely, the proportion of pupils who believe that 
the forces are equally large increases steadily from a low of 
33% for the standard 4 group to a high of 74% for the standard 
9 science group. What is interesting is the small. but 
consistent proportion of pupils in each of the standards who 
, believe that the smaller competitor is exerting the larger 
force. This believe is shared by about 15% of the pupils in 
each of the standards. The reason for this belief is unclear. 
but it is possible that pupils believe that the smaller 
competitor has to try harder than the larger one if it is not 
t6 be pulled away. 
Further analysis of the data indicates that on our sample 40% of 
tHe girls and 25% of the boys in Cape schools believe that the 
larger competitor pulls the harder of the two. This belief seems 
to be much more widely held by girls. Although interpretation of 
the data from Transkei on this question is problematical as the 
pupils may have been guessing, there is some evidence that here 
too this belief is held more widely by girls than by boys 
2 .. Question A 12 dealt with a tug-of-war situation in which 
motion is involved. Using t~is situation we found that 77% of 
I 
our total sample believe : that the force exerted by the 
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competitor in whose direction the system is moving, is the 
larger force. This belief is widely held by pupils in all of 
the standards in schools in the Cape. As a matter of fact,_ the 
proportion of pupils who hold this belief actually increases 
from a low of 83% for standard 4 pupils to a high of 98% for 
standard 9 science pupils. This belief is so prevalent that 
further analysis of the data reveals no appr~c~able 
differences between any of the groups .. On this question as 
well it is difficult to interpret the data from the Transkei 
as the pupils appear to be guessing. That this should be so on 
these two questions is in itself very interesting. 
Our finding that about 86% of the standard 6 pupils in schools in 
the Cape select the option which indicate this belief is in 
excellent agreement with the findings of Watts and Zylberstajn 





Question A 6 
! 
Tbe sketch shows two dogs pulling against each other at opposite 
e6ds of a sack. They are not moving. The sketch which best shows 
h6w hard each dog is pulling, is: 
/ 
~~ (a) . dJ >~ 
(b) :\:<:---? sdJ 
(c) ~e ~ 
310 
Chapter 7 Tug-of-war Question A 6 
(a) The overall picture: 
The following graph shows the frequencies with which the 









31. 3X . 
1. 50% of the sample select option a, the option which suggests 
that the dogs are pulling equally hard. 
2. 19% of the pupils select option b, the option which suggests 
that the small dog is pulling harder than the large dog./ 
3. 31% of the pupils select option c, the option which suggests 
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1 . In the Cape : 
The following graph compares I the frequencies with which pupils 
in the different standards in schools in the Cape select the 































The increase in the frequencies 
i 
option which suggests that the dogs 
is selected from standard 41 through 
I 
with which option a, the 
are pulling equally hard, 
to the standard 9 science 
pupils. This suggests an irlcreased awareness of the magnitude 
I 
of the forces involved 
• I 
~n the interaction as the pupils 
II 
progress through school. This may be due 
I 
I 
to learning or to 
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matur-ation. It is also possible that because ther-e is no 
motion pr-esent that the pupils do not see the necessity for- an 
unbalanced for-ce. 
2. The decr-ease in the fr-equencies with which option c, the 
option which suggests that the lar-ge dog is pulling har-der-
than the small dog, is selected fr-om standar-d 4 thr-ough to 
the standar-d 9 science pupils. The younger- pupils appear- to be 
influenced by the r-elative sizes of the dogs mor-e so than by a 
belief that motion r-equir-es an unbalanced for-ce in the 
dir-ection of motion. 
3. The small var-iation in the fr-equencies with which option b, 
the option which suggests that the small dog is pulling har-der-
than the lar-ge one, is selected by pupils in all standa~ds. 
2. In Tr-anskei 
The following gr-aph compar-es 
in the differ-ent standar-ds in 
differ-ent options .. 
A6. 
the fr-equencies with which pupils 
schools in Tr-anskei select . the 








' 5 4 = std.4 
5 = std.5 
6 = std.6 
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Note: 
1. Ther-e was compar-atively little var-iation in the fr-equencies 
with which the differ-ent standar-ds select the differ-ent 
options. 
2. Pupils in each of the different standar-ds select a differ-ent 
option as the most popula~ with them. Thus the standar-d 4 
pupils find option a the moist popular-, the standar-d 5 pupils 
find option b the most pop'ular- while the standar-d 6 pupils 
find options a and c about 
The following gr-aph compar-es 
in standards 4. 5 and 6 in 
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equally at tr-.active: 
the fr-equencies with 
schools in the Cape 
c = Cape. 
T = Transkei. 
which pupils 
and Tr-anskei 
1. Ther-e is vir-tually no difference in the frequencies with which 
the two groups select option! a, the option which suggests that 
the two dogs are pulling equally hard. It is selected by about 
39% of both groups. 
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2. There is a substantial difference in the frequencies with 
which the two groups select option b~ the option which 
suggests that the small dog .is pulling harder than the large 
dog. 15% of pupils in Cape and 34% of pupils in Transkei 
schools select this option. 
3. There is also a substantial difference in the f~equencies with 
which pupils in the two groups select option c, the option 
which suggests that the large dog pulls harder than the small 
one. It is selected by 46% of pupils in Cape and 28% of pupils 
in Transkei schools. 
(d) Comparing Afrikaans-and English-speaking pupils: 
The following graph compares the frequencies with which 
Afrikaans-and English-speaking pupils in Cape schools select the 
different options. 
tJ.ptil7ns 
. Note : 
1. There is no noteworthy differences in the frequencies with 
which the pupils in the two groups select the· different 
options. 
2. Option a is selected by about 58% of both sets of pupils. 
3. Option b is selected by about 13% of both sets of pupils. 
4. Option c is selected by about 29% of both sets of pupils. 
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(e) Comparing the sexes: 
1. In the Cape: 
The following graph compares the frequencies with which boys and 
girls in Cape schools select the different options. 
A6. 
,. .. Boys vs.Gi~ls.Cap~. ,, 
~"8.8 B = Boys. 
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Note : 
1. The two groups differ in the frequencies with which they 
select options a and c. 
2. 60% of the boys and 45% of the girls select option a. 
3. 25% of the boys and 40% of the girls select option c. 
4. Option b is selected by about 15% of both boys and girls. 
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2. In Transkei: 
The following graph compares the frequencies with which boys and 
girls in schools in Transkei select the different options. 
A6. 
v Boys vs.Gi~Is.Tr-anskei. ,, 
.'ill, l! B = Boys. F 
4'8, .9 ~ G = Gi~ls. J> 
t' ,""ll, .9 
i" 




a .b c 
e.'ptiim~-
Note: 
1. There are only small differences in the frequencies with which 
the two groups select options a and b. 
2. 25% of the boys and 30% of the girls select option c. 
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I 
(f) Comparina pupils from Towh and Country areas: 
Question A 6 
The following graph compar~s the frequencies with which 
Afrikaans-speaking pupils living in Cape Town and country towns 
select the different options. 
Note: 
1. There is very little difference in the frequencies with which 
I 
I 
the two groups select the d~fferent options. 
~ 
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(g) Compa~in; some standa~d•• 
1. Standard 4 and standard 9 non-science pupi.ls: 
The following graph compares 
in standard 4 and pupils in 
select the different options. 
A6. 
the frequencies with 
standard 9 who do not 
~, 
A 6£/,8 
Std.4 vs.std.9 non-science. 
.F .fU./.1 
9 4 = Std.4 
9 = Std.9 
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Question A 6 
which pupils 
do science 
1. The two groups differ markedly in the frequencies with which 
they select options a and c. 
2. 33/. of the standard 4 and 49/. of the standard 9 pupils select 
option a. 
3. 51% of the standard 4 and .30/. of the standard 9 pupils select 
option c. 
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7 and 9 science 
the fr-equencies with which 
pupils select the differ-ent 
Note: 
A6. 












1. Ther-e, is an incr-ease in the fr-equencies with which the gr-oups 
select option a. 
2. Ther-e is a r-ather- small differ-ence in the fr-equencies with 
which the gr-oups select option b. 
3. Ther-e is a decr-ease in the fr-equencies with which the gr-oups 
select option c. This option is selected by 51% of the 
i 
standar-d 4, 261. of the standar-d 7 and 121. of the standar-d 9 
pupils. 
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3. Standar-d 9 science and non-science pupils: 
The following gr-aph compar-es the fr-equencies with which standar-d 
9 pupi 1 s who do science and who do not do science · at sc hoo 1 
s~lect the different opt~ons. 
A6. 
..... Std..9. Science Vel'S US non-science. h 
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1\lote: 
1. Ther-e ar-e mar-ked differ-ences in the fr-equencies with which the 
two gr-oups select the differ-ent·options. 
2. 74/. of the science and 49/. of the non-science pupils select 
option a. 
3. 14/. of the science and 21'l. of the non-science pupils select 
option b. 
4. 12/. of the science and 30/. of the non-science pupils select 
option c . 
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(~) Selection of individual options: 
The following graph compares the 
i~dividual options are selected by 
schools in the Cape. 
frequencies with which the 











Cape: Selection of individual options 
Std.4 Std.5 Std.6 Std.7 Std.8 Std.9 S Std.9 Ns 
Standard 
- Option a -+- Option b """"'*- Option c 
1; There is an increase in popularity of option a to a maximum 
with the standard 9 science pupils. 
2~ There is a decrease in the popularity of option c to a minimum 
with the standard 9 science pupils. 
Option b is selected with fairly consistent frequencies by all 
of the standa~ds. 
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Summary: 
1. When we examine the overall picture we find that: 
50% of the sample select option a, indicating a belief that 
the two dogs pull equally hard. 
19% of the sample select option b, indicating a belief that 
the small dog is pulling harder than the·large one. 
31% of the sample select option c, indicating a belief that 
the large dog is pulling harder than the small one. 
2. When we compare the frequencies with which pupils in the 
different standards in schools 
different options we find that: 
in the Cape select the 
There is an increase in the frequencies with which option a is 
selected, reaching a maximum with the ·standard 9 science 
pupils. This indicates that the belief that the dogs have to 
pull equally hard becomes more common as the pupils grow 
older. 
Option b, the option which suggests that the small dog has to 
pull harder, is selected with more or less the same frequency 
by all of the classes, the frequency being about 15%. 
The frequencies with which option c is selected decreases from 
standard 4 to a minimum with the standard 9 science group. 
This indicates that the belief that the large dog pulls harder 
is much more popular with younger pupils. 
In the Transkei we find that there is small variation in the 
frequencies with which the different classes select the 
different options. 
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i 
3; When we compare the frequencies with which standards 4, 5 and 
6 pupils in schools in the Cape and Transkei select the 
different options we find that: 
39% of the pupils of both groups believe that the dogs are 
pulling equally hard; 
15% of the pupils from the Cape and 34% of the pupils from 
Transkei believe that the small dog is pulling harder than the 
large one; 
46% of the pupils from the Cape and 28% of the pupils from 
Transkei believe that the large dog is pulling harder than the 
small dog. 
4 · When we compare Afrikaans-and English-speaking pupils in Cape 
schools we find.that there is no noteworthy difference in the 
freq~encies with which the two groups select the different 
options, option a being selected by 58% of the pupils, optiori 
b by 13% and option c by 29% of the pupils. 
5 When we compare boys and girls in the Cape we find that: 
, 60% of the boys and 45% of the girls believe that the dogs are 
pulling equally hard; 
25% of the boys and 40% of the girls believe th~~ the large 
dog is pulling harder than the small one. 
In Transkei we find that boys and girls do not differ greatly 
in the frequencies with which they select the different 
options, although there is some evidence thit the girls find 
option c more attractive than the boys. This means that, as in 
the Cape, more girls than boys believe that the larger dog is 
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pulling harder than the small one. 
6. When we compare Afrikaans-speaking pupils who attend schools 
in Cape Town and country towns we find that there is no 
difference in the frequencies with which the two groups select 
the different options. 
7. When we compare the frequencies with which pupils in some of 
the standards select the different options, we find that: 
the standard 4 pupils prefer option c which indicate a belief 
that the larger dog pulls harder than the small one; 
this belief becomes less popular with pupils in higher 
classes, with pupils in higher classes preferring option a 
which indicates a belief that the dogs.are pulling equally 
hard. This belief is most popular with the standard 9 science 
pupils. 
If we consider the standard 9 non-science group to be 
reasonably representative of the "man in the street" then it 
means that the belief that the large dog pulls harder is held 
by about 30% of them. 
8. A comparison of the frequencies with which the individual 
options are selected by the different standards in C~pe 
schools qleaily reflects the increased popularity of option a 
and the decrease in popularity of option c ~ith the higher 
standards. 
What is of interest is the small but consistent frequencies 
with which all of the groups select option b, the option which 
suggests that the small dog is pulling harder than the large 
one. 
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The sketch shows two dogs pulling against each other at opposite 
ends of a rope. They are moving slowly towards the right. The 
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(a) The overall picture: 
The following graph shows the frequencies with which the 
different options are selected by the whole sample. 
A.12 
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Note : 
1. Option a, the option which suggests the the d6~s are pulling 
equally hard, is selected by 11% of the sample. 
2. Option b, the option which suggests that the dog who is being 
pulled along, is pulling the harder of the two, is selected by 
11% of the sample. 
3. Option c, the option which suggests that the ·dog who is 
pulling the other one away is pulling the harder of the two, 
is selected by 77% of the sample. 
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(b) Acco~din; to standard: 
1. In the Cape. : 
The following gr-aph compar-es the fr-equencies with which Cape 
p~pils in the differ-ent standar-ds selected the differ-ent 
options. 
A.12 






















- Std.Q N.s. 
c 
- Std.7 
1. Ther-e is over-whelming suppor-t for- option c, the option which 
suggests that the dog who is winning the tug-of-war- is the one 
who is pulling the har-der- of the two, by pupils in all of the 
classes 
2. The suppor-t for- option c incr-eases steadily to a maximum with 
the standar-d 9 science pupils. This may be as a r-esult of a 
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fir-mer- commitment to the belief that movement implies a for-ce 
in the dir-ection of motion with incr-easing age, or- as a r-esult 
of a fir-mer- belief in folk~wisdom which asser-ts that the dog 
which is winning, must be pulling the har-der- of the two, with 
incr-easing age. 
3. Options a and b r-eceive little s~ppor-t fr-om all of the 
classes~ with the suppor-t for- option a decr-easing to a minimum 
with the standar-d 9 science pupils. This option suggests that 
the dogs ar-e pulling equally har-d. 
4. The alr-eady small fr-equencies with which pupils select option 
b, the option which suggests that the dog who is being pulled 
along has to pull the har-der- of the two, decr-eases to r-each a 
minimum with the standar-d 9 science pupils. 
2. In Tr-anskei: 
The following gr-aph compar-es the fr-equencies with which pupils in 
standar-ds 4, 5 and 6 in schools in Tr-anskei select the differ-ent 
options. 
A 12. 
Acco~ding to stanaa~d.(T~anskei) 
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Note: 
1. The frequencies with which pupils in the different standards 
select the different options show remarkably little variation. 
One has to consider that guessing played an important part 
here. There is a possibility that the language of the question 
was misunderstood. 
(c) Comparing the Cape and Transkei: 
The following graph compares the frequencies with which pupils in 
standards 4, 5 and 6 in schools in the Cape and Transkei select 
the different options. 
A.12 
Cape .liS. Transkei .. C = Cape. 
I = Tl'anskei. 
c 
Note: 
1. The two groups differ from each other in the frequencies with 
which all three of the options are selected. 
2. Pupils from Cape schools overwhelmingly select option c. This 
option is selected by 85% of pupils in Cape schools but only 
by 33% of pupils in Transkei schools. 
3. 8% of Cape pupils select option a. 
4 .. 7% of Cape pupils select option b. 
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(d) Comparing language groups in the Cape: 
The following graph_ compares the 
Afrikaans-and English-speaking pupils 
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Question A 12 
with which 
in the ·Cape 
1. There are no noteworthy differences in the frequencies with 
which the two groups select the different options. 
2. Option b is selected by about.90% of each of the groups. 
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(~) Comparing the sexes: 
I 
1!. In the Cape: 
' ' I 
The following graph compares the frequencies with which boys and 
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Jl 8-8 
<? .l> ,~ 
t'Piion. 
N~te: 
1~ There are only small differences in the frequencies with which 
' 
boys and girls select the different options. 
2. 93% of the boys and 85% of the girls select option c. 
3: 3% of the boys and 8% of the girls select option a. 
4: 4% of the boys and 7% of the girls select option b. 
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2. In Transkei: 
The following graph compares the frequencies with wh{ch boys and 
girls in schools in Transkei select the different options. 
A.12 ,, Boys vs. Cil'ls. Tl'ansbi. B = Boys. -~ 4/.l,!? 
F c c = Gil'ls. 
.1' .lll.ll 
i' 





·"' .6 c t.1pfitJn. 
Note: 
1. The two groups respond very similarly to the different 
options. 
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(f) Comparing pupils from Town and Country areas: 
The following graph compares the frequencies 
Afrikaans-speaking pupils who attend school in Cape 
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I = Cape Town 
Q = Countl'y. 
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Question A 12 
with which 
Town and in 
1. There are no n6teworthy differences in the f~equencies with 
which the two gtoups select the different options. 
334 
Chapter 7 Tug-of-war Question A 12 
(g) Comparing some standards: 
1. Standard 4 and standard 9 non-science pupils: 
The following graph compares 
3 and standard 9 pupils who 
the different options. 
the frequencies with ~hich standard 
do not do science in school select 
A.12 
Std.4 vs.std.9 non-science. 
Note : 
4 = Std.4. 
9 = Std.9. 
1. There is no appreciable difference in the way that these two 
groups respond to the different options. 
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2. Standards 4. 7 and 9 science pupils: 
The following graph compares the frequencies with which standards 




1. There is overwhelming support for option c by all three the 
groups. 
2. There is a gradual increase in this support to a maximum with 
the standard 9 science pupils who .select it 98% of the time. 
3. There is minimal support for options a and b by all three of 
the groups and especially the standard 9 science group. 
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3. Standard 9 science and non-science pupils: 
The following graph compares 














rJp I .itJH, 
the frequencies with which standard 
who do not do science select the 
1. There is overwhelming support by both groups.for option c. 
Quite clearly the belief that the dog who is winning the t~g -
of-war is pulling the harder of the two, is very firmly 
entrenched amongst pupils in all of the standards. 
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(h) Selection of individual options: 
The following graph compares the 
individual options are selected by 
standards. 
frequencies with which the 
the pupils in the different 
A 12 
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Std.4 Std.5 Std.6 Std.7 Std.8 Std.9 S Std.9 Ns 
Standard 
- Option a --+--'- Option b _._ Option c 
1. The graph clearly shows the overwhelming popularity of option 
c, as well as the fact that the frequencies with which it is 
selected increases steadily up to a maximum with the standard 
9 science pupils. 
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Summary: 
The important findings arising from this question are that: 
option c, the option which 
pulling the other one away, is 
is overwhelmingly selected by 
suggests that the dog ~hich is 
pulling the harder of the two, 
pupils in schools in the Cape. 
The frequencies with which it is selected increases up to 
maximum with the standard 9 science pupils, who select it with 
a frequency 6f 98%. This one option so overwhelms the others 
that no other comparisons show any appreciable differences in 
the frequencies of selection other than that of the Cape and 
Transkei. However, it is very possible that on this question 
pupils from Transkei may have been guessing. 
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In a review of investigations into ideas about the relationship 
between the force of gravity and height above the ground, (see 
p. 82) we find that: 
* children think that gravity increases with height. (Watts a~d 
Zylberstajn ,1981.) 
* students at university think that gravity decreases with 
height.(Gunstone and White, 1981, McDermott, 
and Klopfer, 1980) 
1984, Champagne 
It appears that both the type of question used and the age of the 
sample influences the response obtained. Watts and Zylberstajn 
asked children which one of two cars held at different heights on 
a hill will be attracted more strongly by the earth- a question 
similar to our own. Gunstone and White asked university students 
to predict what would happen to a system consisting of two 
objects of equal mass suspended by a string over a pulley and 
initially held at different heights if the system is released and 
free to move. Watts and Zylberstajn did the same but they used 
child~en who were about 14 years old. While Gunstone and White 
report that over 30%, of their sample of students could not 
correctly predict what would happen because many of them thought 
that the block nearer the ground would be heavier, in the case of 
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Watts and Zylberstajn 78% of their sample thought that the system 
would move until the blocks were level with each other because 
the force on the block in mid-air is stronger than the force on 
the·one on the ground. However, only 48% of the same ~hildren 
thought that the car higher up the hill 
stronger force than the one lower down. 
Results: 
is attracted by ~ 
Two questions, A5 and 85, in the questionnaire deals with the 
beliefs which pupils have about gravity and in particular the 
belief that the force of gravity increases with height. 
The results of our own work indicate that the idea t~at gravity 
increases with height is firmly held by the pupils in our 
schools. On question A5 40% of the pupils think that the bird 
will be attracted by a larger force while it is gliding than when 
.it is on the ground while on question 85 47% -of the pupils think 
that the man at the top of the hill has to push harder than the 
man at the bottom. This is in excellent __ agreement with the 
findings of Watts and Zylberstajn who report that 48% of their 
sample also think in this way. Furthermore, the results on 
question A5 indicate that the idea that the force acting on the 
bird decreases with height becomes more popular with the standard 
8 and 9 science pupils. That this should happen is also implied 
by the work of Gunstone and White and other researchers who have 
worked with older students. 
What was of particular interest in question A5 is that about 15% 
of the sample actually think that no force acts on the bird whil~ 
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it is gliding. This idea decreases in popularity with pupils in 
the higher standards. 
We find that pupils in standards 4, 5 and 6 in schools ·in the 
Cape and Transkei share the belief that the force of gravity 
increases with height. On A5 this belief is more widely held by 
pupils in Transkei schools while on 85 the option which·indicates 
this belief is selected with much the same frequency by the two 
groups. 
We find that Afrikaans-and English-speaking pupils do not really 
differ to any appreciable extent in the frequencies with which 
they select the different options presented to them. 
We find on both questions that the frequency with which girls in 
Cape schools select the option which suggests that the force of 
gravity is greater at a greater height, to be consistently higher 
than that with which boys select the same option. It is also 
clear from the results that more boys are of the opinion that 
gravity does not change with an increase in height. In Transkei 
schools we find no appreciable difference in the frequencies of 
responses of girls and boys to the different options. 
We find no noteworthy differences in the frequencies with which 
Afrikaans-speaking pupils who live in Cape Town and in country 
towns select the different options on these two questions. 
We find that the frequency with which the standard 9 non-science 
group select the options which indicate that the force of gravity 
increases with height to be consistently larger than that of the 
standard 4 pupils. 
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we find that the frequency with which the standard 9 science 
group select the option which indicates that the force of gravity 
does not change with increase in height to be consistently larger 
than that of the noM~science group. The non-science group 
consistently select the options which indicate a belief in 
gravity increasing with height with a frequency higher than the 
science group. 
presented. 
However, the difference depends on the situation 
2. Rising and falling objects: 
Introduction: 
In a review of the irivestigations into beliefs about falling 
objects, (s~e p.88 ) we find that pupils at schools and students 
at universities believe that: 
* heavier objects fall faster than lighter ones. (Za'Rour,1975, 
Whitaker,1982, Maloney,1985, Champagne and Klopfer,1984) 
The proportion of the sample holding this belief differs from 
10% (Whitaker) to 80% (Champagne and Klopfer, Maloney)~ 
Questions 81 and 83 present situations in which objects of 
unequal weight are allowed to fall. More particularly, the one 
object is twice.as heavy as the other. Pupils are required to 
compare the spee~s with which the objects reach the bottom of 
their fall. We. assumed that a fair proportion of the pupils will 
have been told that all objects fall with equally fast and expect 
to find that a substantial proportion of the pupils will indicate 
that the two objects have the same speed at the end of their 
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fall. We decided to change the situation slightly in 82 by having 
objects rising, as this is a more unusual situation ·as far as 
discussion in school is concerned. We therefore asked pupils to 
indicate the heights reached by objects of different mass. To see 
whether the responses are context-dependent' we included 83 in 
which pupi 1 s had to dec ide on the speeds of tw·o toy cars of 
unequal mass running dOwn an incl~ne. We bel'ieve that all of the 
situations depicted are quite common to the experience o1 most 
children. 
Question 82 requires them to compare the heights reached by two 
objects, the one being twice as heavy as the othe~. We believe 
that a belief that "heavier falls faster" strongly implies that 
"heavier is attracted more strongly" and this in turn implies 
that "lighter should go higher". 
Resultsz 
We find that on questions 81 and 82 which both .involve free fall 
situatiohs, 63% of the sample believe that the heavier ball has 
the greater speed of the two, while 68% of the sample believe 
that the lighter ball reaches the greater height. Furthermore, 
51% of the sample believe that the he~vier ball travells twice as 
fast as the lighter ball and 47% of the sample believe that the 
lighter ball reaches twice as high as the heavier one. 
Question 83 invtilves cars racing down an in~line a~d here we find 
that 55% of the sample believe that the heavier car has the 
greater speed, with 39% believing that it actually travel.ls tw-ice 
as fast as the lighter one. It is clear that the belief that 
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"heavier- means faster-" is ver-y widely held but, it is also clear-
fr-om our- wor-k that the belief is context-dependent. That the 
context deter-mines the r-esponse sele~ted is fur-ther- suppor-ted by 
the fact that while on 81 5% of the ·pupils believe that the 
lighter- ball is the faster- of the . two, 20% of the pupils on 82 
believe that the heavier- ball reaches the gr-eater- height and 31% 
on 83 believe that the lighter- car- .moves ·the faster- of the two. 
It is also inter-esting to note that while 29% of the sample 
believe that the two balls in 81 r-each the gr-ound with the same 
speed, 14% believe this about the car-s on 83, ~nd 13% believe 
that the balls in 82 will r-each the same height. One can only 
speculate about the ·r-easons for- this, but in ter-ms of Claxton's 
views differ-ent mini-theor-ies ar-e being used. At an in~ser-vice 
tr-aining cour-se for- teacher-s in physical science teacher-s wer-e 
asked to indicate the position of a fr-ee-falling ball which is 
twice as massive as another- one and whose position is indicated 
at two positions along its path. Only one per-son did not indicate 
the positions cor-r-ectly. In another- question the teacher-s wer-e 
asked to indicate the position of a ball which is twice as 
massive as another- one and whose position is ind~cated at two 
positions along its path when the balls ar-e thr-own upwar-ds. Only 
one per-son now indicated the position cor-r-ectly. When one of the 
teacher-s, who is a fir-st class cr-icketer-, ~as asked to explain 
his selection, he said "ever-yone knows that you can thr-ow a 
cr-icket ball higher- than a tennis ball ". It will seem to us that 
this kind of "life knowledge" is being used her-e, especially in 
the "car-s down the incline" pr-oblem and to a lesser- extent in the 
"r-ising balls" pr-oblem. 
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' 
The following graphs clearly indicate the context-depeMdency of 
the responses to the questions involving falling objects. We 
compare the frequency with which similar options are selected by 
pupils and groups of pupils in schools in the Cape. The options 
are indicated as follows: 
Option 1 : The obje~ts have the same speed 
Option 2: The heavier object has 
Option 3: The heavier object's 
the lighter one 
Option 4: The lighter object has 
Option 5: The lighter object's 
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Over"view 
The overall result reported above include pupils from Transkei. 
As we report below, these pupils do not share the belief that 
heavier means faster or lower, to quite the same extent as pupils 
in the Cape, so that for the Cape th& proportion of pupils 
sharing this belief is actually higher than that reported 
overall. The graphs on pp.401 and 420 show the situation in 
schools in the Cape. It is clear from these that the beliefs 
illustrated are widely held and with frequencies which are in 
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good agreement with those reported by Maloney and Champagne and 
Klopfer. 
We find that on all three of the qu~stions the majority of pupils 
in most of the classes in the Cape select the option which 
suggest a belief that the heavier object will fall twice as fast 
as the lighter one, or reach half the height of the lighter one 
when thrown upwards. The standard 6 pupils do not share this 
belief quite as widely as pupils in the other standards do. We 
can think of no reason why this is so but on all three of the 
questions this is quite clear. 
We find that in Transkei the responses of the pupils to the 
different questions to be very context dependent. While the 
majority of pupils show a belief that the heavier ball will fall 
faster than the light~r one on 81, the majority of them believe 
that the lighter car will be moving the faster of the two in 83: 
We find that standard 4, 5 and 6 pupils in the Cape and Transkei 
differ quite widely from each 6ther in the belief that heavier 
objects fall faster. On 81 and 82 66% and 72% respectively of the 
pupils in the Cape select options which indicate a belief that 
heavier objects fall faster and lighter objects reach a greater 
height while only 54% and 51% of the pupils in Transkei select 
similar options. On 83 this changes to 57% for pupils in the Cape 
and 39% of pupils in Transkei. The majority of pupils in Transkei 
believe that the lighter car has the greater speed at the foot of 
the incline. 
We find that a slightly higher proportion of Afrikaans-speaking 
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than English-speaking pupils consistently select options which 
indicate a belief that heavier means faster or that lighter means 
higher. 
We find on 81 and 82, that a substantially larger proportion of 
girls than boys in schools in the Cape believe that the heavier 
object falls faster and the lighter one reaches a greater height. 
The majority of the girls in both cases actually believe that the 
heavier ball falls twice as fast as the lighter one and that the 
lighter ball reaches twice the height of the heavier one. 
However, on 83 the reverse is true. A greater proportion of the 
boys ~han girls believe that the heavier car has the greater 
speed. A substantial proportion of the girls now believe that the 
lighter car will be moving the faster than the heavier. 
In Transkei we find that it is only on 81 that the proportion of 
boys and girls who believe that the heavier ball falls faster, is· 
different. On both the other questions there is really no 
appreciable difference between these two groups. 
We find that a small, but consistently larger proportion of 
Afrikaans-speaking pupils in schools in country towns believe 
that the heavier object will fall faster or that the lighter 
object will reach higher, than their counterparts in schools in 
Cape Town. That this beli~f is held more strongly by pupils in 
country schools is further supported by the fact that a larger 
proportion of these pupils believe that the heavier object moves 
twice as fast as the lighter one and that the lighter one will 
reach twice the height of the heavier one. 
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We find 'that the belief that the heavier ball will fall faster 
and that the lighter ball will reach a greater height, to be more 
widely held by standard 4 pupils than by standard 9 non-scierice 
pupils. When dealing with the cars down the incline these two 
groups do not appreciably differ from each other. 
Finally, we find that the fact that pupils have been exposed to 
more science teaching in school does not greatly influence their 
beliefs about rising and falling objects. 
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The sketches show the same bird 
sitting on the ground and gliding 
along 100 metres high in the air. 
The pair of sketches which best 
com~ares the sizes of the force 
with which the earth attracts the 
bird when it is sitting on the 
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(a) The overall picture: 
Gravity 
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Question A 5 
The following graph shows the frequencies with which the 
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.1. 24% of the sample think that the force of attraction on the 
bird decreases with height while a further 15% think that no 
force acts on the bird while it is gliding. This means that 
39% of the sample think that the force with which the earth 
attracts the bird decreases with height. 
2. 40% of the sample think that the force of attraction on the 
bird increases with height. 
3. 21% of the sample think that height has no effect on the force 
of attraction. 
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(b) Accordin; to fitanaardt 
1. In the Cape: 
The following graph compares the frequencies with which Cape. 
pupils in the different standards selected the different options. 
A5 
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Options. 
[ill] Std.6 -Std.7 1111111 Std.Q N.s. 
1. There are no dramatic differences in the frequencies with 
which the different standards select the differ~nt options. 
2. The belief that the force of attraction on the bird will be 
less above the ground is the most strongly held by standards 8 
and 9 science pupils. 
3. With the exception of the standard 9 science pupils, the most 
popular option with all of the other standards is option b, 
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the option which suggests that the force of attraction on the 
bird increases with height. 
4. The standard 4 group find option d, the option which suggests 
that no force acts on the bird while it is gliding, thi second 
most attractive. 
2. In Transkei: 
The following graph compares the frequencies with which Transkei 






1. There is overwhelming support by all of the classes for option 
b, the option which suggests that the force of attraction on 
the bird increases with height. 
2. The next most popular option with all the different standards 
is option d, the option which suggests that no force of 
attraction acts on the bird while it is gliding. 
3. Option a, the option which suggests that the fotce of 
attraction on the bird is less the higher up it is, is the 
least popular with all the different standards. 
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(c) Comparinl the Cape and Tranakei: 
The following graph compares the frequencies with which pupils in 
standards 4, 5 and 6 in schools in the Cape and Transkei select 
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Note: 
1. Pupils in both the Cape and Transkei find option b, the option 
which suggests that the force of attraction on the bird 
increases with height, the most popular, but there is a large 
difference in the fr~quencies with which the two groups 
select the option. It is selected by 50% of the pupils from 
Transkei and 36% of pupils from the Cape. 
2. Option a, which suggests that the force of attraction acting 
on the bird decreases with height, is selected by 24% of 
pupils from the Cape and only 11% of pupils from Transkei. 
4. 19% of the pupils from the Cape and 25% of the pupils from 
Transkei select option d, the option which suggests that no 
force of attraction acts on the bird while it is gliding. 
This means that 43% of the pupils from the Cape and 36% of 
the pupils from Transkei select options which s~ggests that 
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the force of attraction acting on the bird decreases with 
height. 
(d) Comparinl lanauaae aroups in the Cape: 
The following graph compares the 
Afrikaans-and-English-speaking pupils 




in schools in 
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E = English . 







1. There are small differences in the frequencies with which the 
two groups select the different options. Option a, which 
suggests that the force of attraction is less above the 
ground,. is selected by 31% of the Afrikaans-speaking pupils 
and 26% of the English-speaking pupils. However,if we jnclude 
with this option the frequencies with which option d, the 
option which suggests that. no force of attraction acts on the 
bird while it is gliding, then 39% of Afrikaans-speaking 
pupils and 39% of English-speaking pupils select opti~ns which 
indicate a belief in the fact that the force of attraction 
T 
decreases with increase in height. 
356 
Chapter 8 Gravity Question A 5 
2. 39X of the Afrikaans-and 34% of the English-speaking pupils 
select option b, the option which suggests that the force of 
attraction acting on the bird increases with height. 
3. The correct option, option c' is selected by 22X of 
Afrikaans-and 27X of English-speaking pupils. 
(e) Comparing the sexes: 
1. In the Cape: 
The following graph compares the frequencies with which boys and 


















Boys vs. Ci~ls.Cape. 
t';.•tion_•. 
B = Boys. 
G = Gi~ls • 
1. There are small difference~ in the frequencies with which the 
two groups select the different options. 
2. 31X of the boys and 23X of the girls select option a, the 
option which suggests that the force of attraction on the bird 
is less above the ground. 
3. 9X of the boys and 17X of the girls select option d, the 
option which suggests that no force acts on the bird while it 
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is gliding. This means that 401. of both boys and girls select 
options which suggest that the force acting on the bird 
decreases with increase in height. 
4. 341. of the boys and 401. of the girls select option b, the 
option which suggests that the force acting on the bird 
increases with height. 
5. 261. of the boys and 201. of the girls select option c, the 
option which suggests that the force acting on the bird does 
not change with an increase in height. 
2. In Transkei: 
The following graph compares the frequencies with which boys and 
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1. There are no noteworthy differences in the frequencies with 
which the two groups select the different options. 
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(f) Comparin; pupil• 1rom Town and Country ar•a•i 
The following graph compares the frequencies with which 
Afrikaans-spedking pupils living in Cape Town and country towns 




















t = Cape town. 
C = CountpY. 
1. There are no noteworthy differences in the frequencies with 
which the two groups select the different options. 
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(g) Comparing different standards: 
1. Standard 4 and standard 9 non-science pupils: 
The following graph compares 
4 and standard 9 non-science 
different options. 
the frequencies with which standard 





4 = Std.4. F 
</8,8 9 = Std.'9,' .J" 
e .?1!," ,. 
u ~"'I. II e 
n ./8,8 
c 
Jl D. II 
(1pl.ft.70, 
Note: 
1. There are appreciable differences in the frequencies with 
which the two groups select options b and d. 
2. 33% of standard 4 and 45% of the standard 9 non-science group 
select option b, the option which suggests that the force 
acting on the bird increases with height. 
3. 28% of standard 4 and 13% of the standard 9 group select 
option d, the option which suggests that there is no force 
acting on the bird while it is gliding. This means that 48% of 
the standard 4 group and 36% of the standard 9 group select 
options which suggest that the force acting on the bird 
decreases while it is gliding. 
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2. Standards 4. 7 and 9 science pupils: 
The following graph compares the frequencies with which standards 
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1. There is an increase in the frequencies with which option a, 
the option which suggests that the force of attraction on the 
bird decreases with height, is selected from standard 4 
through to the standard 9 science pupils. 
2. There is an increase in the frequencies with which option c, 
the correct option, is selected. 
3. There is a sharp decrease in the frequencies with which option 
d, the option which suggests that the no force is acting on 
the bird while it is gliding, is selected. 
4. 48% of standard 4, 37% of standa~d 7 and 41% of standard 9 
science pupils select options which indicate that the fo~ce of 
attraction acting on the bird decreases while it is gliding. 
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3. Standard 9 science and non-science pupils: 
The following graph compares the frequencies with which standard 
9 pupils who do science and who do not do science in Cape schools 
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Note: 
1. There are fairly large differences in the frequencies with 
which the different options are selected by the two groups. 
2. 35% of the science and 23% of the non-science . pupils select 
option a, the option which suggests that the force of 
attraction acting on the bird decreases with inc~ease in 
height. 
3. 30% of the science and 45% of the non-science pupils selected 
option b, the option which. suggests that the force of 
attraction on the bird increases with height. 
4'. 30% of the science and 19% of the. non~science group select 
option c, the option which suggests that the force does not 
change with height above the ground. 
5. 6% of the science and 13% of the non-science group select 
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option d, the option which suggests that the bird has no force 
acting on it while it is gliding. ' . 
6. 411. of the science group and 361. of the non-science group 
select options which indicate that the force of attraction 
acting on the bird decreases while it is gliding. 
7. With the science pupils the belief that the force. acting on 
the bird decreases with height is the most popular one while 
with the hen-science group the belief that the force actually 
increases with height is the most popular one. 
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(h) Comparing individual options: 
The following graph 
individual options are 
Cape schools. 
compares the frequencies 




Cape: Selection of individual ·options 
Std.4 Std.5 Std.6 Std.7 Std.8 Std.Q S Std.Q Ns 
Standard 
- Option a -+- Option b ......__ Option o -e- Option d 
Note: 
1. Option b, the option which suggests that the force acting on 
the bird increases while it is gliding, is relatively popular 
with all of the groups except the standard 9 science group. 
2. There is an increase in popularity of option a, the option 
which suggests that the force acting on the bird is less 
while it is gliding, to a maximum with the standard 9 science 
pupils. 
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3. There is an increase in popularity of option c, the option 
which suggests that there is no difference in the force 
acting on the bird while it is gliding, to a maximum with the 
standard 9 science pupils. 
4. There is a decrease in popularity of option d, the option 
which suggests that there is no force acting on the bird 
while it is gliding, to a minimum with the standard 9 science 
group. 
Summary I 
1. When we examine the overall picture we find that: 
40% of the sample select the option which indicates a belief 
that the force acting on the bird increases with height; 
39% of the sample select options which indicate a belief that 
the force acting on the bird is either reduced while it is 
gliding or that no force acts on it while it is gliding. 
2. When we compare the frequencies with which the pupils in the 
different standards in the Cape select the different options~ 
we find that: 
there are no dramatic differences in the frequen~ies with 
which the different standards select the different options; 
with the exception of the. standard 9 science group, the other 
standards all find option b the most popular, indicating a 
belief that the force acting on the bird 
height; 
increases with 
the popularity.of option a increases across the standards 
indicating an increase in the belief that the force acting on 
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the bird decreases with height above the ground. 
In Transkei we find_ that the pupils in all the standards 
overwhelmingly favour option b, indicating a belief that the 
force acting on the bird increases with height a~ove the 
ground. 
3. When we compare the frequencies with whic~ pupil~ in ~tandards 
4, 5 and 6 in schools in the Cape and Transkei select the 
different options we find that: 
both groups favour option b, but while this o~tion is selected 
by 50% of the pupils in Transkei it is only selected by 36% of 
the pupils in the Cape; 
24% of the pupils in the Cape and 11% of the pupils in 
Transkei select ~ption a, indicating a belief that the force 
acting on the bird decreases with height, while a further 25% 
of pupils in Transkei and 19% of pupils in the Cape select' 
option d, thereby indicating a belief that no force acts on 
the bird while it is gliding. 
4. When we compare the frequencies with which Afrikaans-and 
. . 
English-speak~ng pupils in school~ in th~ C~pe select the 
diff~~eht options, we find that very ·~mall differences exist 
in th~ freq~enties with ~hich the differ~nt options are 
selected. 
5. When we compare the f~equencies with which boys and girls in 
Cape schools select the different options ~e find that.: 
small differences exist in the frequencies with which the two 
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gr-oups select the differ-ent options; 
31'l. of the boys and 23'l. of the gir-ls select option a, 
indicating a belief that the for-ce acting on the bir-d is less 
while it is gliding; 
9'l. of the boys and 17'l. of the gir-ls select option d, 
indicating a belief that no for-ce acts on the bir-d while it is 
gliding. 
In Tr-anskei we find no notewor-thy differ-ence between boys and 
gir-ls when we compar-e the fr-equencies with which the two 
gr-oups select the differ-ent options. 
6. When we compar-e the fr-equencies with which Afr-ikaans-speaking 
pupils in schools in Cape Town and countr-y towns select the 
differ-ent options, we find no notewor-thy differ-ences. 
7. When we compare the fr-equencies with which pupils in some of 
the standar-ds select the differ-ent options we find that: 
both standar-ds 4 and 9 non-science pupils find option b the 
most popular- but that while this option is selected by 33'l. of 
the standar-d 4 gr-oup, it is selected by 45'l. of the standar-d 9 
gr-oup; 
25'l. of the standar-d 4 gr-oup and 13'l. of the standar-d 9 gr-oup 
select option d, indicating a belief that no for-ce acts on the 
bir-d while it is gliding; 
ther-e is an incr-ease in the fr-equencies with which option a is 
selected as we go fr-om standar-d 4 to standar-d 9 science 
pupils, indicating an incr-ease in the belief that the for-ce 
acting on the bir-d decr-eases with height; 
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there is an increase in the frequencies with which the option 
which suggests that there is no difference in the force, is 
selected a• we go from standard 4 to standard 9 science 
pupils; 
there is a decrease in the frequencies with which option d is 
selected indicating a decrease in the belief that there is no 
force acting on the bird while it is gliding, as we go from 
standard 4 to standard 9 science pupils; 
the standard 9 science and non-science pupils differ quite 
markedly in the frequencies with which they select the 
different options. 30% of the 
non-science groups select option b. 
science and 45% of the 
35% of science and 25% of 
the non-science groups select option a. This means that the 
science group favoured the belief that the force of attraction 
on the bird decreases with height while the non-science group 
favoured a belief that the force acting on the bird actually 
increases with height. 
8. When we compare the frequencies with which the individual 
options are selected by the different standards we find that: 
option b is the preferred option of all the groups except the 
standard 9 science group. This . indicates a widely held belief 
that the force acting on the bird increases with height. 
There is an increase in the popularity of option a across the 
standards, indicating an increase in the belief that th~ force 
acting on the bird is actually less while it is gliding. 
There is an increase in the popularity of option c, indicating 
an increase in the belief that the force of gravity does not 
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change. 
There is a decrease in the popularity of option d, indicating 
a decrease in the belief that no force acts oh. the bird while 
it is gliding. 
369 
Question B 5 
The sketch shows two 
identical cars being 
held on a hill by two 
men. The cars are not 
moving. The car at T 
is higher up the hill 
than the car at B. 
The sketch which best 
compares the sizes of 
the forces which each 
of the men has to produce 
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(a) The overall picture: 
The following graph compares the frequencies with which the 
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Note: 
1. 47% of the sample select option a, the option which suggests 
that the man at the top has to push harder to hold his car. 
2. 15% of the sample select option c, the option which suggests 
that the man·at the bottom has to push harder to hold his 
car.· 
3. 38% of the sample select option b, the correct option. 
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(b) According to standard: 
1. In the Cape: 
The following graph compares the frequencies with which Cape 
pupils in the different standards select the different options. 
85 
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1. With the exception of the standard 5 group, all of the other 
standards find option a the most attractive. 
2. Option c, the option which suggests that the person at the 
bottom of the hill has to push . harder to hold his car, is the 
least popular with all of the standards. 
3. The standard 5 group select the correct option, option b, with 
a higher frequency than the standard 4 and 7 groups. 
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4. The standards 8 and 9 science pupils select the correct Option 
with a notably higher frequency than standards 6 and 7 and the 
standard 9 non-science group. 
2. In Transkei: 
The following graph compares the frequencies with which pupils 

















Acco:rding to standa:rd <T:ranskei> 
6 4 = Std.4 
()pt.iun. 
5 = Std.5 
6 = Std.6 . 
1. Option a, the option which suggests that the man at the top of 
the hill has to push harder to keep his car there, is.the 
favourite option of the standard 4 and 5 groups. 
2. The standard 6 group select option b, the correct option, more 
frequently than the other two options. 
3. Opti6n c is selected with a fairly high frequencies by all of 
the classes. 
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(c) Comparing the Cape and Transkei: 
The following graph compares the frequencies with which standard 
4, 5 and 6 pupils in the Cape and Transkei schools select the 
different options. 
B5. 
v Cape vs. Tr-ans.kei. .... 
~'iD.8 c = Cape. F 
H-8 I = T!'anskei. .JO ,. ..,1!7," 9' 
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1. There is a small difference in the frequencies with which the 
two gro~ps select option a, the option which suggests that the 
man at the top of the hill has to push harder to keep his car 
there. It is selected by 45/. of the pupils in the Cape and 41/. 
of the pupils in Transkei. 
2. 41/. of the pupils in the Cape and 31% of the pupils in 
Transkei select option b, the correct option. 
3. 14% of the pupils in the Cape and 29/. of the pupils in 
Transkei select option c, the option which sugge~t$ that the 
man at the bottom has to push harder to keep his car there. 
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(d) Ccmparin; lan;ua;• ;rcups in tn• Capea 
The foilowing graph compares the 
Afrikaans-and-English-speaking pupils 




% .?8.D Ar:rikaans vs. English.Cape 
.r a:a A E A : Af!'i ~aans. 
J' u.e _ _ ~ E : Enghsh. 
Note: 
~ .oJ"ll. " 
~ .?D./!-~ 
n ./II, II 
c 









1. Ther~ are no noteworthy differences in the frequencies with 
which the two groups select the different options .. 
2. 48% of both of the groups select option a. This suggests that 
they believe that the man higher up the hill has to push 
harder to keep his car there. 
3. About 91. of both groups select option c. This suggests that 
they believe that the person at the bottom of the hill has to 
push harder to hold his car there. 
4. About 411. of both groups select option b, the correct option. 
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(e) Comparing the sexes: 
1. In the Cape: 
The following graph compares the frequencies with which boys and 





B = Boys • 
. C =Girls. 
1. There are notable differences in the frequencies with which 
the two groups select options a and b. 
2. 43% of the boys and 54% of the girls select option a, the 
option which suggests that the man at the top of the hill has 
to exert a larger force on the car to keep it there. 
3. 48% of the boys and 33% of the girls select the correct 
option, option b. 
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2. In Transkei: 
The following graph compares the frequencies with which boys and 














B = Boys • 
C : Gil"ls. 
1. There are no noteworthy differences in the frequencies with 
which the two groups select the different options. 
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(f) Comparing pupils from Town and country areas: 
The following graph compares the frequencies 
Afrikaans-speaking pupils in schools in Cape Town 
towns select the different options. 
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Question B 5 
with which 
and country 
1. There are small differences in th~ frequencies·with wh~ch the 
two groups seiect options a and b. 
2. 52% of the pupils living in Cape Town and 46% of the pupils 
living in country towns select option a. 
3. 38% of the pupils living in Cape Town and 43% of the pupils 
living in country towns select option b. 
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(g) Comparinl some standards: 
1. Standard 4 and standard 9 non-science pupils: 
The foll6wing graph compares the frequencies with which standard 
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9 : Std.9 
frequencies with which the two 
options. 
of the standard 9 group select 
of the standard 9 group select 
of the standard 9 group select 
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2. Standard 4, 7 and 9 science pupils: 
The following graph compares the frequencies with which standard 
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Note: 
1. There are small differences in the frequencies with which the 
groups select the different options. 
2. Option a is very popular with all three the groups but is most 
popular with the standard 7 group. 
3. There are very small differences in the frequencies with which 
the groups select option b. 
4. There is an interesting decrease in the frequencies with which 
option c is selected but it is noteworthy that it is still 
selected by 8'l. of the standard 9 science group. 
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3. Standard 9 science and non-science pupils: 
The following graph compares 
9 pupils who do science and 
different options. 
B5. 
the frequencies with which standard 
who do not do science select the 
.% 
~8,8 
Std.9.Science vs.no science • 
F 51.8 
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1. 49% of the science pupils and 56% of the non-science pupils 
select option a. 
2. 45% of· ~he science pupils and 31% of the non-science pupils 
select option b. 
3. 8% of the science pupils and 13%-of the non-science pupils 
select option c. 
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(h) Selection of individual option~: 
The following graph shows the selection of individual options by 
the different standards. 
85 








Std.4 Std.5 Std.6 Std.7 Std.S Std.9 S Std.9 Ns 
Standard 
- Option a -+-- Option b ......._ Option c 
Note: 
1. With the exception of the standard 5 group, option a is the 
most popular option with all of the groups. 
2. There is a gradual increase in the frequencies with which the 
correct option, b, is selected from standard 6 to the standard 
9 science group. 
3. Option c is the most unpopular option with all of the groups 
and its p6pularity decreases to a minimum with the standard 9 
science group. 
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Summary: 
1. When we examine the overall picture we find that 47% of the 
pupils select option a. This implies that the belief that the 
force of gravity increases .with height is very widely held. 
However, we also.find that about 15% of the sample believe 
that the force required to hold the car low down is greater 
than it is higher up. This implies a belief th~t the force of 
gravity decreases with height. 
2. When we compare the frequencies with which 
different standards in Cape schools select 
options, we find that: 
pupils in the 
the different 
there are no dramatic differences in the frequencies with 
which the different groups select the different options; 
with the exception of the standard 5 group, all of the other 
standards select option a with the highest frequencies. The 
standard 5 group select option b the most frequently. 
In Transkei schools we find that: 
standards 4 and 5 pupils select option a most frequently while 
the standard 6 pupils select option b most frequently; 
option c is fairly popular with all of the classes. 
3. When we compare the frequencies with which standards 4, 5 and 
6 pupils in schools in the Cape and Transkei select the 
different options, we find that: 
both groups select option a as the most popular option. This 
option is selected by 45% of the pupils in the Cape and 41% of 
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the pupils in Transkei. 
41% of the pupils in the Cape and 31% of the pupils in 
Transkei select option b; 
option c is selected by 14% of the pupils in the Cape and 29% 
of the pupils in Transkei. This is an appreciable difference. 
4. When we compare the frequencies with which Afrikaans-and 
English-speaking pupils in schools in the Cape select the 
different options, we find that: 
there is no noteworthy.differences· between the frequencies 
with which the two groups select the different options; 
option a is selected by 48% of the pupils in both of the 
groups; 
option c is selected .bY about 9% of the pupils in both of the 
groups. 
5. When we compare the frequencies with which boys and girls in 
Cape schools select the different options, we find that: 
43% of the boys and 54% of the girls select option a; 
48% of the boys and 33% of the g.irls select opt.ion b; 
In Transkei schools we find no di~ference between the 
frequencies with which boys and girls select the. different 
options. : 
6. When we compare the frequencies with which Afrikaans-speaking 
pupils living in Cape Town and in country towns select the 
different options, we find that: 
52% of the pupils from Cape Town and 46% of the pupils from 
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country towns select option a; 
38% of the pupils from Cape Town and 43% of the pupils from 
country towns select option b. 
7. When we compare the frequencies with which pupils in some of 
the standards select the different options, we find that: 
8. When we compare the frequencies with which the individual 
options are selected by the different classes, we find that 
option a is the most popular with all the groups except the 
standard 5 group; 
option b increases in popularity to a maximum with the 
standard 9 science group; 
option c is the most unpopular and decreases in popularity to 
a minimum with the standard 9 science group. 
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Question B 1 
The sketch shows a boy who is 
standing on a table. He has 
two marbles in his hand. The 
black one is twice as heavy 
as the white one. He drops them 
at the same tim~ and they fall 
towards the ground. The sketch 
which best shows the relative 
speeds with which the marbles 
hit the ground, is : 
--
n 11 i1 





The following graph shows the frequencies with whi~h the whole 
sample selects the different options. 
Bl. 
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Note: 
1. 29% of the sample select option a, the option which ~u~gests 
that th~ two balls wiil strike the ground with the same speed. 
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2. 12/. of the sample select option b,. the option which 
suggests 
that the heavy ball will be the faster of the two. 
3. 4/. of the sample select option .c, the option which sugge~ts 
that the lighter ball will be the faster of the two. 
4. 51% of the sample select option d' the option which suggests 
that the heavier ball will be moving twice as fast as the 
lighter one when they strike the ground. 
5. 5/. of the.sample select option e, the option which suggests 
that the lighter ball will be moving twice as fast as the 
heavier one when they strike the ground. 
6. 63/. of the sample select options which suggest that the 
heavier ball will be the faster of the two while 9/. of the 
sample select options which suggest that the lighter ball will 
be the faster one. 
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(b) According to standard: 
1. In the Cape: 
The following graph compares the frequencies with which Cape 
pupils in the different standards select the different options. 
B 1 

















D Std.9 s 
0 d e 
Options 
[:::::::::=:1 Std.6 - Std.7 
- Std~9 Ns. 
1. Option a receives what is almost exceptionally heavy support 
from standard 6 pupils. 
2. Option a was not very popular with the standards 4, 5 and 9 
pupils who do not do science. 
3. With the exception of the standard 6 pupils, pupils in the 
other standards overwhelmingly select option d, the option 
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which suggests that the heavier ball will be moving twice as 
fast as the lighter one when it strikes the ground. Thi~ 
option is particularly popular with the standard 4 pupils. 
4. The standard 6 group also select option b, the option which 
suggests that the heavier ball will move the faster of the 
two, with a very low frequencies. 
5. Options c and d, the options which suggests that the lighter 
ball will move the faster of the two~ is very unpopular with 
the pupils in all of the standards. 
2. In Transkei: , 
The following graph compares the frequencies with which pupils 




















AccoFding to standard.(T~anskei) 
4 : Std.4 
5 : Std.5 
6 : Std.6 
1. Although option a is not the most popular. option, there is an 
increase across the standards in the proportion of pupils who 
select it. 
2. Option d, the option which suggests that the heavier ball will 
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be moving twice as fast as the lighter one, is· the most 
popular with pupils {ri all of the standards. 
3. The next most popular option with the pupils in the different 
standards is option b, the option which suggests that the 
heavier ball will be moving the faster of the two. 
4. Options c and d, the options ~hich suggest that the lighter 
ball wi 11 be moving the faster of the two·, is selected by a 
small proportion of pupil~ in all of the standa~d~. 
(c) Comparing the Cape and Transkei: 
The following graph compares 
in standards 4, 5 and 6 in 
select the different options. 
B1. 
.J' ~8.8 





u £11,8 I! 
n .18. 8 
c 
8.8 
the frequencies with which pupils 
schools in the Cape . and Transkei 
c = Cape. 
I= Tr>anskei. 
y 
il .A c t! I! 
Ppti'tJns. 
Note: 
1. Although there are differences in the frequencies.with which 
the two groups select the various options, both groups find 
option d the most popular option with option a the next most 
popular. 
2. 29% of pupils in the Cape and 23% of pupils in Transkei select 
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option a. 
3. 11% of pupils in the Cape and 18% of pupils in Transkei select 
option b. 
4. 55% of pupils in the Cape and 38% of pupils in Transkei select 
option d. This means that 88% of the pupils in the Cape and 
54% of the pupils in Transkei select options which suggest 
that the heavier ball will be moving the faster of the two. 
5. 8% of the pupils in the Cape and 23% of the pupils in Transkei 
select options which suggest that the lighter ball will be 
moving the faster of the two. 
(d) Comparing the language groups in the Cape: 
The following graph compares the 
Afrikaans-and-English-speaking pupils 
select the different options. 
B1. 
% At:rikaans vs. Eng! ish. Cape. 
frequencies 
in schools in 
68.8 
F .JD./1 
A = At:rikaans • 


















1. There are only small differences in the frequencies with which 
the two groups select options a and d. 
2. 35% of Afrikaans-and 40% of English-speaking pupils select 
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option a. 
S. 53% of Afrikaans-and 47% ·of English-speaking pupils select 
option d. 
4. 61% of Afrikaans-and 57% of English-speaking pupils select 
options which suggest that the heavier ball will be moving the 
faster of the two. 
5. 4% of Afrikaans-and 3% of English-speaking pupils select 
' options which suggest that the lighter ball will be moving the 
faster of the two. 
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(e) Comparing the sexesa 
1. In the Cape: 
The following graph compares the frequencies with which boys and 
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B = Boys. 
C = Gi:rls • 
Note: 
1. There are substantial differences in the frequencies with 
which the two groups select options a and d. 
2. 43% of the boys and 19% of the girls select option a. 
3. 47% of the boys and 62% of the girls select option d. 
4. 56% of the boys and 73% of the girls select options which 
suggest that the heavier ball will be moving the faster of the 
two. 
5. l'l. of the boys and B'l. of the girls select options which 
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2. In Transkei: 
The following graph compares the frequencies with which boys and 
















B B : Boys. 
C = Ci~ls. 
" t!' 
1. There is a fairly large difference in the frequencies with 
which the two groups select option d. 
2. 43% of the boys and 30% of the girls select option d. 
3. 60% of the boys and 48% of the gi(ls select options which 
suggest that the heavier ball will be moving the faster of the 
two. 
4. Option a is selected by about 23% of the pupils in both 
grpups. 
5. 16% of the boys and 29% of the girls select option~ which 
suggest that the lighter ball will be moving the faster of the 
two. 
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(f) Ccmparin; Tcwn and Country ar•a• in tn• Cap•• 
The following graph compares the frequencies with which 
Afrikaans-speaking pupils who attend schools in Cape Town and in 





















Towa vs.CountJ'Y.At:rikaans •. 
c " t'pliilns. 
T = Cape Tow. 
C = Count!'Y • 
1. There are only relatively small differences in the frequencies 
with which the two groups select options a and d. 
2. 34% of pupils in schools in Cape Town and 25% of pupils in 
schools in country towns select option a. 
3. 531. of pupils in schools in Cape Town and 61% of pupils in 
schools in country towns select option d. 
4. 621. of pupils in schools in Cape Town and 71% of pupils in 
schools in country towns select options which suggest that the 
heavier ball ~ill be moving the faster of the two. 
5. 41. of the pupils in both groups select options which suggest 
that the lighter ball will be moving the faster of the two. 
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(g) Comparing some of the standards: 
1. Standard 4 and standard 9 non-science pupils: 
The following graph compares 
4 and standard 9 pupils who 
the different options. 
the frequencies with which standard 





Std.4 vs. std.9 non-science. 
4 : Std.4. 
9 : Std.9. 
~ ~8 
~ ~~ u 
~ ~8 
n ~~ c ,, 
g 
Note: 
1. There are only relatively small differences in the frequencies 
with which the two groups select options a and d. 
2. 10% of standard 4 and 21% of standard 9 pupils select option 
a. 
3. 69% of standard 4 and 60% of standard 9 pupils select option 
d. 
4. 80% of standard 4 and 74% of standard 9 pupils select options 
which suggest that the heavier ball will be moving the faster 
of the two. 
5. 9% of the standard 4 and 5% of the standard 9 pupils select 
options which suggest that the lighter ball will be moving the 
faster of the two. 
396 
Chapter 8 Gravity Question B 1 
2. Standard 4. 7 and 9 science pupils: 
The following 
standards 4, 7 
options. 
graph compares the frequencies with which 
and 9 pupils who do science select the different 
B1. 
A' ?8.1/ 
Std. 4, 7 and 9 science. 
4 : Std.4. 
f bU. II 7: Std.?. 
~ 58.1/ 9 = Std.9. 
l' U.l/ 
g' .18.1/ u 
l' JB./1 
n JU.I/ c 
8.1/ .!1 c 
()pi .ions. 
Note: 
1. Option a becomes steadily more popular with the pupils in the 
higher standards. 
2. Option d is the favourite choice of the pupils in all three 
the standards, particularly the standard 4 pupils. 
3. It is clear that in each standard the proportion of the pupils 
who select options which suggest that the heavier ball will 
move the faster of the two, far outweighs any other options. 
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3. Standard 9 science and non-science pupils: 
The following graph compares 
9 pupils who do and who do 
different options. 
the frequencies with which standard 




















Std.9. Science vs.non-science. 
c 
t'pl.it1ns. 
S = Science. 
Hs =non-science · 
Note: 




the two grotips select options a, b and d. 
39% of the science and 21% of the non-sciertce pupils select 
option a. 
52% of the science and 60% of t~e non-scl~nce pUpils select 
option d. 
58% of the science and 74% of the non-science pupils select 
options which suggest that the heavier bali will be m6ving the 
faster of the two. 
5. 3% of the science and 5% of the non-science pupils select 
options which suggest that the lighter ball will be moving the 
faster of the two. 
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(h) Selection of individual options• 
The following graph compares the frequencies with which the 
individual options are selected by the different standards. 
8 1 










Std.4 Std.o Std.6 Std.7 Std.S Std.9 S Std.9 Ns 
Standard 
Option a --+- Option b _._ Option c -e- Option d 
~ Option e 
Note: 
1. The frequencies with which the pupils in the different 
standards select option d shows a clear minimum with the 
standard 6 pupils. 
2. The frequencies with which option a are select~d show a clear 
maximum with the standard 6 pupils. 
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Summary: 
1. When we examine the overall picture we find that: 
291. of the pupils select option a. This indicates a belief 
that the two balls will reach the ground with the same speed. 
621. of the pupils select options which indicate a belief that 
the heavier ball will be moving the faster of the two. 511. 
actually believe that the heavier ball Will be moving twice as 
fast a~ the lighter one. 
81. of the sample believe that the lighter ball will be_moving 
the faster of the two. 
2. When we compare the frequencies with which pupils in the 
different standards in schools 
different options we find that: 
in the Cape seJect the 
with the exception of pupils in standard 6, pupils in all of 
the other standards overwhelmingly select option d, the option 
which suggests that the heavier ball will be moving twice as 
fast as the lighter one. 
Standard 6 pupils overwhelmingly select option a, the option 
which suggests that the two balls will be moving equally fast. 
That this belief is a firm one with standard 6 pupils is 
further confirmed if we look at the following graph, which 
compares the frequencies with which pupils in the different 
standards select option~ which suggest a belief that the 
heavier ball will be moving faster than the lighter on~. 
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The graph clearly shows that the standard 6 pupils are "out of 
step" with the rest of the classes. 
The graph also shows very clearly how widely held is the belief 
that the heavier ball will move faster than the lighter one, and 
that there is very little eviden~e from this data that exposure 
to science, as one would expect the standard 8 and 9 science 
pupils to have, does anything to reduce this belief. 
It is also clear that only a very small proportion of the pupils 
thought that the lighter ball will move the faster of the two. 
In Transkei we find that: 
pupils overwhelmingly select options which indicate a believe 
that the heavier ball will ~ove faster than the lighter one. 
3. When we compare pupils in standards 4, 5 and 6 in schools in 
the Cape and Transkei we find that: 
although there are differences in the frequencies with which 
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the two groups select the different options, both groups find 
option d the most popular and option a the next most popular; 
55% of the pupils in the Cape and 36% of the pupils in 
Transkei believe that the heavier ball will'move twice as fast 
as the lighter one; 
66% of the pupils in the Cape and 54% of the pupils in 
Transkei believe that the heavier ball will move faster than 
the lighter one; 
23X of the pupils in Transkei select options which indicate ~ 
belief that the lighter ball ~ill move faster than the heavier 
one. 
4. When we compare Afrikaans-and-English~speaking pupils we find 
thdt: 
there are only sm~ll differences in the frequencies with which 
the two groups select options a and d; 
53% of Afrikaans-and 47% of English-speaking pupils believe 
that the heavier ball will move twice ~s ~ast as' the lighter 
one; 
61X of Afrikaans-and 57% of English-speaking pup~ls believe 
that the heavier ball will move fdster than the lighter one. 
5. When we compare boys and girls at schools in the Cape we. find 
that: 
there are substantial differences in the freqyencies with 
which the two groups select options a and d; 
43% of the boys .and 19% of the girls believe that the balls 
will be moving equally fast; 
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43Y. of the boys and 62Y. of the girls believe that the heavier 
ball will be moving twice as fast as the lighter one; 
56% of the boys and 73% of the girls believe that the h~a~ier 
ball will be moving faster than the lighter one. 
In Transke~ we find that: 
43/. of the boys and 30/. of the girls believe that the heavier 
ball will be moving twice as fast as the lighter one; 
60/. of the boys and 48/. of the girls believe that the heavier 
ball will be moving faster than the lighter one; 
16/. of the boys and 29/. of the girls believe that the lighter 
ball will be moving faster than the heavier one. 
6. When we compare Afrikaans-speaking pupils attending schools in 
Cape Town and country towns we find that: 
34/. of the pupils in schools in Cape Town and 25/. of the 
pupils in schools in country towns believe that the two balls 
will be moving equally fast; 
53/. of the pupils in school in Cape Town and 61/. of the pupils 
in schools in country towns believe that the heavier ball will 
be moving twice as fast as the lighter one; 
62/. of the pupils in schools in Cape Town and 71/. of pupils in 
schools in country towns believe that the heavi•r ball will be 
moving faster than the lighter one; 
7. When we compare some of the standards we find the belief that 
the heavier ball will be moving faster than the lighter one to 
be overwhelmingly held by pupils in all of the standards. 
While this belief is particularly prevalent amongst pupils in 
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the lower standards, it is held by a remarkably high 
proportion of pupils in all of the standards. 
8. A comparison of the frequencies with which the· individual 
options are selected by the different standards clearly 
reveals the rather anomalous behaviour of the standard 6 
group. 
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The sketch shows a girl 
who has two marbles in 
her hand. The black marble 
is twice as heavy as the 
white one. She now throws 
them vertically upwards. 
The marbles leave her hand 
~~.uestion B 2 
with the same speed. The sketch 
which best shows the heights 
reached by the marbles, is: 
1 l ' l(J 1 " (a) (b·f 
(a) The overall picture: 
-- l 
o<d) lJ 
The following graph shows the frequ~ncies with which the 
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&lions. 
1. 21% of the sample select option a, the option which suggests 
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that the lighter ball will go higher than the heavier one. 
2. 47% of the sample select option b, the option which suggests 
that the lighter ball will go twice as high as the heavier 
one. 
3. 68% of the sample select options which suggest that the 
lighter ball will go higher than the heavy one. 
4. 9% of the sample select option c, the option which sugge~ts 
that the heavier ball will go higher than the lighter one. 
5. 11% of the sample s~le6t option d, the option which suggests 
that the heavier ball will go twice as high as the lighter 
one. 
6. 20% of the sample select options ·which suggest that the 
heavier ball will go higher than the lighter one. 
7. 13% of the sample select option e, the option which suggests 
that the two balls will reach the same height. 
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(b) Aooordinl to standard: 
1. In the Cape: 
The following graph compares the frequencies with which Cape 
pupils in the different standards select the different options. 
82 
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1. Option b receives overwhelming support from pupils in all the 
standards. However, pupils in standards 5 and 6 do not 
support it quite as keenly as pupils in the other standards 
do. 
2. The frequencies with which option e is selected by pupils in 
all the standards is rather small but it is interesting to 
note that the standard 6 pupils and the standard 9 science 
407 
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pupils select this option with higher frequencies than pupils 
in all of the other standards. 
3. It is clear from the graph that the great majority of pupils 
in each of the standards favour options which suggest that the 
lighter ball will reach a greater height than the heavier 
one. 
4. There is small but consistent support for options c and d by 
pupils in all of the standards. These options suggest that the 
heavier ball will reach a greater height than the lighter 
one. 
2. In Transkej: 
The following graph compares the frequencies with which pupils 
in the different standards in schools in Transkei select the · 
different options. 
Note: 
1. No one particular option is selected by a very large 
proportion of the pupils in each of the standards. 
2. Option b is the most popular option with pupils in standards 5 
and 6 
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3. Standard 4 pupils find option a much more attractive than 
pupils in any of the other standards. 
4. There is a fair amount of support for options c and d by 
pupils in all of the standards. 
(c) Comparing the Cape and Transkei: 
The following graph compares the 
standards 4, 5 and 6 pupils in schools 
select the different options. 
frequencies with which 
in the Cape and Transkei 
B2. 
c = Cape. 
T = T:r>anskei. 
Note: 
1. There are only small differences in the frequencies with which 
the two groups select options a and e. 
2. 12'l. of the pupils in the Cape and 13'l. of the pupils in 
Transkei select option e. 
3. 24'l. of pupils in the Cape and 22'l. of pupils in Transkei select 
option a. 
4. There are fairly large differences in the frequencies with 
which the two groups select the rest o~ the options 
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5. Option b is selected by 48/. of pupils in the Cape and 29/. of 
pupils in Tran~kei. 
6. 72/. of pupils in the Cape and 51/. of pupils in Transkei select 
options which suggest that the lighter ball will reach a 
greater height than the heavier one. 
7. 17/. of pupils in the Cape and 36/. of pupils in Transkei select 
options which suggest that the heavier ball will reach a 
greater height than the lighter one. 
(d) Comparin; lan;ua;• ;roups in th• Cap•• 
The following graph compares the 
Afrikaans-and-English-speaking pupils 
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1. There is a small difference in the frequencies with which the 
two groups select option b. 
2. 54/. of ~frikaans-and 46/. of English speaking pupils select 
option b. 
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3. 72% of Afrikaans-speaking and 68% of English-speaking pupils 
select options which suggest that the lighter ball will reach 
a greater height than the heavier ball. 
4. 15% of Afrikaans-and-English-speaking pupils select options 
which suggest that the heavier ball will reach a gf~ater 
height than the lighter one. 
5. 13% of Afrikaans-speaking and 17% of English-speaking pupils 
select option e. 
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(e) Comparing the sexes: 
1. In the Cape: 
The following graph compares the frequencies with which boys and 





















B = Boys. 
G = Gi:rls • 
1. There are fairly large differences in the frequencies with 
which the two groups s~lect options b and e. 
2. 44% of the boys and 61% of the girls select option b. 
3. 62% of the boys and 73% of the girl~ select options which 
suggest that the lighter ball will reach a greater height than 
the heavier one. 
4. 19% of the boys and 6% of the girls select option e. 
5. 19% of the boys and 11% of the. girls select options which 
suggest that the heavier ball will reach a greater height than 
the lighter one. 
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2. In Transkei: 
The following graph compares the frequenoies with which boys and 
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1. There are only small differences in the frequencies with which 
the two groups select options a, b, o, and d. 
2. 26% of the boys and 31% of the girls select option b. 
3. 49% of the boys and 51% of the girls select options which 
suggest that the lighter ball will reach a greater height than 
the heavier one. 
4. 37% of the boys and 35% of the girls select options which 
suggest that the heavier ball will reach a greater height than 
the lighter one. 
5. 13% of both boys and girls select option e. 
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(f) Comparing Town and Country areas in the Cape: 
The following graph compares the frequencies with which 
Afrikaans-speaking pupils attending schools in Cape Town and 





















Town vs.CountJ'Y.Al'rikaans· • 
c 
(Jptions. 
T = Cape Town • 
C = countJ'Y. 
different options are selected with very similar 
frequencies by the two groups. There are small differen~es in 
the frequencies with which the two groups select options b and 
e. 
2. 53% of pupils from Cape Town and 58% of pupils from country 
towns select option b. 
3. 71% of pupils from Cape Town and 76% of pupils from country 
towns select options which suggest that the lighter ball will 
reach a greater height than the heavier one. 
4. 13%, of pupils from Cape Town and 9%. of pupils from country 
towns sele~t option e. 
5. About 15% of the pupils from both groups select options which 
suggest that the heavier ball will reach a greater height than 
the lighter one. 
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Cg) Com~arin; soma standards• 
1. Standard 4 and standard 9 non-science pupils: 
' The following graph compares 
4 and standard 9 pupils who 
the different options. 
the frequencies with which standard 
do not do science at school select 
Note: 
1. There are small differences in the frequencies with which the 
two groups select options a, b and d. 
2. 81/. of the pupils in standard 4 and 72/. of the pupils in the 
standard 9 group select options which suggest that the lighter 
ball will reach the g~eater height. 
3. 12/. of the standard 4 and 19/. of the standard 9 pupils select 
options which suggest that the heavier ball will reach ~ 
greater height than the lighter one 
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2. Standar-d 4, 7 and 9 science pupils: 
The following gr-aph compar-es the fr-equencies with which 





Std.4,7 and 9 science. 





1. The fr-equencies with which option b is selected by all thr-ee 
of the gr-oups is the outstanding featur-e of this gr-aph. 
Although the , fr-equencies with which option e is selected 
incr-eases steadily with the higher- standar-ds, this inc~ease is 
small and pr-obably too small to enable us to dr-aw any 
impor-tant conclusions. 
2. The pr-opor-tion of pupils who. select options which suggest that 
the heavier- ball will r-each the gr-eater- height is r-emar-kably 
similar- in all thr-ee of the standar-ds. 
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3. Standard 9 science and non-science pupils~ 
The following graph compares 
9 pupils who do and who do 
different options. 
the frequencies with which standard 
not do science at school select the 
B2. 
% 6'8. II 
Std.9.Science vs.non-science. 
S = Science. 









1. There are small differences in the frequencies with which the 
two groups select most of the options. 
2. 70% of the science and 71% of the non-science pupils select 
options which suggest that the lighter ball will reach a 
greater height thdn the heavier one. 
3. 19% of the science and lOX of the non-science pupils select 
option e. 
4. 11% of the science and 19% of the non-science pupils select 
options which suggest that the heavier ball will reach a 
greater height than the lighter one. 
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(h) Selection of individual options: 
The following graph compares the frequencies with which the 
individual options are selected by the different standards~ 
82 













~ Option e 
Std.5 Std.8 Std.7 Std.8 Std.Q S Std.Q Ns 
Standard 
-+- Option b ...,.._ Option c :-a- Option d 
1. Option b is a popular choice with pupils in all of the 
standards, but it reaches a minimum with.the standard 6 
pupils. 
2. There are peaks at standards 6 and 9 in the prbportion of 
pupils who select· option e 
3. There is small but consistent support for options c and d by 
pupils in all of the standards 
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Summary a 
1. When we examine the overall picture we find that: 
13% of the sample believe that the balls will reach the same 
height; 
68% of the sample believe that the lighter ball will reach a 
greater height than the heavier one while 47% of the sample 
believe that the lighter ball will actually reach twice the 
height of the h~avier dne; 
20% of the sample believe that the heavier ball will reach the 
greater height. 
2. When we compar~ the frequencies with which pupils in th~ 
different standards in schools 
different options, we find that: 
in the Cape select the 
by far the greater majority of pupils in each of the standards 
believe that the lighter ball will reach twice the height of 
the heavier one. However, although this notion was also very 
popular with the pupils in standards 5 and 6, it is not quite 
as popular with these pupils as it is with pupils in the other 
standards. 
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The following graph compares the proportion of the pupils in each 
of the standards who select options indicating a belief that the 
light~r ball will reach a greater height than the heavier one. 
n .fl fln_.:-
The graph clearly shows that the greater majority of· pupils in 
each of the standards share this belief. However, it is not as 
widely held by pupils in standards 5 and 6 as in the other 
standards. 
A small but consistent proportion of pupils in each of the 
standards believe that the heavier ball will reach a gr~ater 
height than the lighter one. 
In Transkei we find that: 
no one particular option is •elected overwhelmingly, but 
inspite of this, the majority of the pupils believe that the 
lighter ball will reach a greater height than the heavier 
one; 
there was a fairly substantial proportion of the pupils in 
each of the standards who believe that the heavier ball will 
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reach a greater height than the lighter one. 
3. When we compare the Cape and Transkei we find that: 
while only 51% of the pupils in Transkei believe that the 
lighter ball will reach a greater height than the heavier one, 
72% of the pupils in the Cape hold this belief. Furthermore, 
48% of the pupils in the Cape believe that the lighter ball 
will reach twice the height of the heavier one. This belief 
was shared by only 29% of the pupils in Transkei. 
17% of the pupils in the Cape and 36% of the pupils in 
Transkei believe that the heavier ball will reach the greater 
height. 
4. When we we compare Afrikaans-and-English-speaking pupils at 
school in the Cape we find that: 
72% of Afrikaans-and 68% ·Of English-speaking pupils believe 
that the lighter ball will reach the greater height. The 
belief that the lighter ball will reach twice as high as the 
heavier one was held by 54% of Afrikaans-and 46% of 
English-speaking pupils. 
13% of Afrikaans-and 17% of English-speaking pupils believe 
that the balls will reach the same height. 
5. When we compare boys and girls at school in the Cape, we find 
that: 
62% of the boys and 73% 
ball will reach the 
of the girls believe that the lighter 
greater height. The belief that the 
lighter ball will reach twice the height of the heavier one 
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was held by 44'l. of the boys and 61'l. of the girls; 
19'l. of the boys and 6'l. of the girls believe that the balls 
will reach the same height; 
19'l. of the boys and ll'l. of the girls believe that the heavier 
ball will reach the greater height. 
In Transkei we find that: 
49'l. of the boys and 51'l. of the girls believe that the lighter 
ball will reach the greater height. 26'l. of the boys and 31'l. of 
the girls believe that the lighter ball will 
height of the heavier one. 
reach twice the 
6. When we compare Afrikaans-speaking pupils at schools in Cape 
Town and country towns, we find that: 
71'l. of pupils at school in Cape Town and 76'l. of pupils at 
school in country towns believe that the lighter ball will 
reach the greater height. 53'l. of pupils in Cape Town and 58'l. 
of pupils in country schools believe that the lighter ball 
will reach twice the height of the heavier one. 
13'l. of pupils in Cape Town and 9'l. of pupils in country schools 
believe that the balls will reach the same height. 
7. When we compare some of the standards we find that the belief 
that the lighter ball will reach the greater height to be so 
prevalent that pupils who hold other beliefs form only a small 
proportion of the standard. There is some evidence that the 
belief becomes less popular with pupils in the higher 
standards but not dramatically so. 
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B. A comparison of the selection of the individual options across 
the different standards· clearly indicates the popularity of of 
the belief that the lighter object will reach ~wice the height 
of the heavier one. 
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Question B 3 
The sketch shows two little 
cars placed on an incline or 
ramp by a boy who is racing 
them against each other. The 
black car is twice as heavy 
as the white one. He lets 'them 
go from the same point on the 
incline and at the same time. 
The sketch which best shows 
the relative speeds with which 
the cars reach the bottom of 





Chapter 8 Gravity Question B 3 
(a) The overall picture: 
The following graph shows the frequencies with which the whole 
sample select the different options. 
B3. 
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1. 16% of the sample select option a, the option which suggests 
that the heavier car will have the greater speed. 
2. 39% of the sample select option b, the option which suggests 
that the heavier car will be moving twice as fast ,as the 
lighter one. 
3. 55% of the sample select options which suggest that the 
heavier car will have the greater speed. 
4. 14% of the sample select option c, the option which suggests 
that the two cars will have the same speed. 
5. 20% of the sample select option e, the option which suggests 
that the lighter car will be moving twice as fast as the 
heavier one. 
6. 31% of the sample select options which suggest that the 
lighter car will have the greater speed. 
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(b) According to standard: 
1. In the Cape: 
The following graph compares the frequencie~ with which Cape 
pupils in the different standards select the different options. 
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1. Option b is the most popular option with pupils in all of the 
standards but, the standard 6 group find it a little less 
attractive than the other groups. 
2. The standard 6 group also find option a a little less 
attractive than the other groups. 
3. Of all of the groups the standard 6 group find option c the 
most attractive and the standard 4 group find it the least 
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attractive. 
4. Of all of the groups the standard 4 and standard 9 non-science 
group find option e the most attractive. 
5. There is consistent support from all of the standards for 
options d and e. 
2. In Transkei: 
The following graph shows the 
the different standards in 
different options. 
frequencies with which pupils in 
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1. No single option stands out as the firm favourite with pupils 
in all of the classes 
2. The standard 4 group are fairly evenly divided over options b, 
c and e. 
3. The standard 5 group prefer option e. 
4. The standard 6 group prefer option b. 
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(c) Comparing the Cape and Transkei: 
The following graph compares the 
standards 4, 5 and 6 pupils in schools 
select the different options. 
frequencies with which 
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1. There are fairly large differences in the frequencies with 
which the two groups select options a' b, c' and.e. 
2. 131. of the pupils in both groups select option d. 
3. 181. of Cape and 131. of Transkei pupils select option a. 
4. 391. of Cape and 261. of Transkei pupils select option b. 
5. 571. of Cape .and 391. of Transkei pupils select options which 
suggest that the heavier car will have the greater speed. 
6. 121. of Cape and 201. of Transkei pupils se.lec t option c. 
7. 181. of Cape and 291. of Transkei pupils select option e 
8. 311. of Cape and 421. of Transkei pupils select options which 
suggest that the lighter car will have the greater speed. 
9. The majority of Transkei pupils select options which suggest 
that the lighter car will have the greater speed while the 
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majority of Cape pupils select options which suggest that the 
heavier car will have the greater speed. 
(d) Comparing language groups in the Cape: 
The folltiwing graph compares the 
Afrikaans-and-English-speaking pupils 
select the different options. 
B3. 
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1. 46% of Afrikaans-and 40% of English-speaking pupils select 
option b. 
2. 63% of Afrikaans-and 59% of English-speaking pupils select 
options which suggest that the heavier car will have the 
greater speed. 
3~ 12% of Afrikaans-and 16% of English-speaking pupils select 
option c. 
4. About 25% of pupils in both the groups select options which 
suggest that the lighter car will have the greater speed. 
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(e) Comparing the sexes: 
1. In the Cape: 
The following graph compares the frequencies with which·boys and 
girls in schools in the Cape select the different options. 
Note: 
1. There are obvious differences in the frequencies with which 
the two groups select all of the options. 
2. 21% of the boys and 14% of the girls select option a. 
3. 46% of the boys and 38% of the girls select option b. 
3. 67% of the boys and 52% of the girls select options which 
suggest that the heavier car will have the greater speed. 
4. 15% of the boys and 10% of the girls select option c. 
5. 10% of the boys and 25% of the girls select option e. 
6. 18% of the boys and· 38% of the girls select options which 
suggest that the lighter car.will have the greater speed. 
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2. In Transkei: 
The following graph compares the frquency · with which boys and 
girls in schools in Transkei select the different options. 
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B = Boys. 
G = Girls. 
1. There are no noteworthy differences in the frequencies with 
which the two groups select the different options. 
2. About 39% of both groups select options which sugge~t that the 
heavier car will have the greater speed. 
3. About 41% of both groups select options which suggest that the 
lighter car will have the greater speed. 
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(f) Comparing Town and Country areas in the Cape: 
The following graph compares the frequencies with which 
Afrikaans-speaking pupils who attend. schools in Cape Town and 






















T = Cape Town. 
C = countJ'!I. 
1. There are only small differences in the frequencies with which 
the two groups select options a, b and c. 
2. 20% of the pupils from Cape Town arid 14% of the pupils from 
country towns select option a. 
3. 40% of the pupils from Cape Town and 48% of the pupils from 
country towns select option b. 
4. 60% of the pupils from Cape Town and 62% of the pupils from 
country towns select options which suggest that the heavier 
car will have the greater speed. 
5. 13% of the pupils from Cape Town and 8% of the pupils from 
country towns select option c. 
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(g) Comparing som• &tandardsa 
1. Standard 4 and standard 9 non-science pupils: 
The following graph compares 
4 and standard 9 pupils who 
the different options. 
the frequencies with which standard 













Std.4 vs.std.9 non-science. 
c 
t';Jtions. 
4 = Std.4. 
9 = Std.9 • 
1. There is no noteworthy difference in the proportion of pupils 
from the two groups who select options which suggest that the 
heavier car will have the greater speed. 
2. 6% of the p~pils in standard 4 and 12% of the pupils in 
·standard 9 select option c. 
3. 38% of the pupils in standard 4 and 33% of the pupils in 
standard 9 select options which suggest that the lighter car 
will have the greater speed. 
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2. Standards 4, 7 and 9 science pupils: 
The following graph compares the frequencies with which 
standards 4, 7 and 9 pupils who do science at school select the 
different options. 
B3. 
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Note: 
1. While the majority of the pupils in each of the standards 
select options which suggest that the heavier. car will have 
the greater speed, there is an interesting decrease in the 
proportion of pupils who select options suggesting that the 
lighter car will have the greater speed. These options, 
options d and e, are selected by 38% of the standard 4, 26% of 
the standard 7 and 21% of the standard 9 science pupils. 
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3. Standard 9 science and non-science pupils: 
The following graph compares 
9 pupils who do and who do 
different options. 
B3. 
the frequencies with which standard 




















S = Science. 
Hs = non-science • 
1. 46% of the science and 37% of the non-science pupils select 
option b. 
2. 66% of the science and 55'l.•of the non-science pupils select 
options which suggest that the heavier car will have the 
greater speed. 
3. There is no difference in the frequencies with which the two 
groups select option c . 
. 4. 21% of the science and 33% of the non-science group select 
options which suggest that the lighter car will have the 
greater speed. 
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(h) Selection of individual options: 
The following graph compares the frequencies with which the 
individual options are selected by the different standards. 
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~ Option e 
Std.5 Std.6 Std.7 Std.8 Std.9 S Std.9 Ns 
Standard 
~ Option b ----- Option o -e- Option d 
1. Option b is popular wi~h all of the groups b~t its popularity 
reaches a minimum with the standard 8 grocip. 
2. There is a peak in the selection of option c with the standard 
6 group. 
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Summary: 
1. When we examin the overall picture we find that: 
55% of the sample believe that the heavier car will be moving 
the faster than the lighter car. 39% of the sample believe 
that the heavier car will actually be moving twice as fast as 
the lighter one. 
31% of the sample be~ieve that the lighter oar will be moving 
the faster than the heavier one. 20% believe that the lighter 
car will actually be moving twice as fast as the heavier car. 
2. When we compare the pupils in different standards at schools 
in the Ca~e we find that: 
although the majority of pupils in all of the standards 
believe that the heavier car will move twice as fast as the 
lighter one, this belief is not held by quite as large a 
proportion of the standard 6,pupils. The following graph, 
which compares the proportion of pupils in each of the 
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In all of the classes there is a fairly large proportion of 
the pupils who believe that the lighter car will move the 
faster of the two. This beli~f is much m6re popular .with 
pupils in standard 4 and in the standard 9 non-science group 
than with pupils in the other standards, but the belief is 
nevertheless shared by a substantial proportion of the pupils 
in all of the classes. 
The following graph compares the proportion of pupils in. each of 
the standards who believe that the lighter car will be moving 
the faster of the two. 
It is interesting to notice that the proportion of pupils who 
hold this belief decreases across the standards to reach a 
minimum with the standard 9 science pupils. 
In Transkei we find that pripils in each of the different 
standards favoured a different belief by a relatively small 
margin. The standard 6 pupils favoured the b~lief that the 
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heavier car will move twice as fast as the lighter one. The 
standard 5 pupils, again, believe that the lighter car will 
move twice as fast as the heavier one and the standard 4 
pupils shared these two beliefs with a belief that the cars 
will be moving equally fast. 
3. When we compare pupils in standards 4, 5 and 6 in schools in 
the Cape and Transkei we find that: 
while the majority of pupils in the Cape, (57%) believe that 
the heavier car will move the faster of the two, the majority 
of the pupils in Transkei, (42%) believe that the lighter car 
will move the faster of the two; 
39% of therpupils in the Transkei share the belief that the 
heavier car will move the faster of the two while 31% of the 
pupils in the Cape believe that the lighter car will move the 
faster of the two. 
4. When we compare Afrikaans-and-English-speaking pupils we find 
that: 
63% of Afrikaans-and 59% of English-speaking pupils believe 
that the heavier car will mo~e the faster of the two, wit~ 46% 
of Afrikaans-and 40% of English-speaking pupils believing that 
it would actually be moving twice as fast as the lighter one; 
about 25% of pupils in both groups believe that the lighter 
car will move the faster of the two. 
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5. When we compare boys and girls at schools in the Cape, we find 
that: 
67% of the boys and 52% of the girls believe that the heavier 
car will be moving the faster of the two, with 46% of the boys 
and 38% of the girls believing that it will be moving twice as 
fast as the lighter car; 
18% of the boys and 38% of the girls believe that the lighter 
car will be moving the faster of the two, with 10% of the boys. 
and 25% of the girls believing that it will be moving twice as 
fast as the heavier car. 
In Transkei we find no real difference in the frequencies with 
which boys and girls select the different options, with about 
39% of the pupils in both of the groups believing that the 
heavier car will be moving the faster of the two and about 41% 
believing that the lighter car wo~ld be moving the faster of 
the two. 
6. When we compare Afrikaans-speaking pupils from schools in Cape 
Town and country towns we find that: 
60% of the pupils from schools· in Cape Town and 62%·of pupils 
from schools in country .towns believe that the heavier car 
~ill be moving the faster of the two. 40% of the pupils:from 
schools in the city and 48% of the pupils from schools in the 
country believe that the heavier car will be moving twice as 
fast as the lighter one. 
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difference between the proportion 
and standard 9 non-scienc~ pupils 
of 
who 
believe that the heavier car will be moving the faster of the 
two but that 38% of the stanndard 4 group and 33% of the 
standard 9 group believe that the lighter car will be moving 
the faster of the two. 
66% of standard 9 pupils who do and 55% who do not do science 
believe that the heavier car will be moving the faster of the 
two with 46% of the science group and 37% of the non-science 
group believing that it will be moving twice as fast as the 
lighter one. 
21% ~f the science group and 31% of the non-science group 
believe that the lighter car will actually be moving the 
faster of the two. 
8. A comparison of the frequencies with which the individual 
options are selected by pupils in the different standards 
clearly shows the popularity of option b and as well as the 
small peak in the frequencies with which option c is selected 




Relative speed on overtaking 
Overview 
Introduction: 
Towbridge and McDermott (1980) have reported that about 33% of 
the students in their sample confused the concepts of speed and 
position. They believed that when two objects were next to each 
other, then they were travelling at the same speed. Some students 
believed that to be ahead means to have the greater speed. 
Results: 
In our investigation we find that: 
1 . 26% of our total sample believe that at the moment of 
overtaking the two objects have the same speed. 
6% believe that the object initially in front has the greater 
speed. The sketch used may actually suggest that the girl is 
slightly ahead of the boy. These results are in agreement with 
the work reported by Towbridge and McDermott. 
2. In schools in the Cape the belief that the bodies are 
travelling with the same speed is much more popular with the 
pupils in standards 4 and 5. Interestingly, the belief is 
less widely held by pupils in standards 6, 7 and 8 but then 
increased in popularity with pupils in standard 9. 
In Transkei there is some evidence that the belief is less 
popular with the standard 6 p~pils than with standard 4 and 5 
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pupils. 
3. The belief that the body initially in front has the greate~ 
speed is much mo~e widely held in T~anskei by pupil~ in 
standa~ds 4, 5 and 6 than in the Cape. Pupils in this g~oup in 
the Cape tend to believe that the bodies have the same speed. 
4. 23% of both Afrikaans-and-English-speaking pupils believe that 
the two bodies have the same speed upon overtaking while 3% of 
the pupils in both g~oups believe that the b~dy initially 
ahead has the g~eater speed. 
5. The belief that the two objects have the same speed is held by 
a la~ge~ p~opo~tion of gi~ls than boys in schools in the 
Cape. 
In T~anskei the~e is no diffe~ence between boys and gi~ls as 
far as this belief is conce~ned. 
6. The belief that the bodies have the same speed upon overtaking 
is slightly mo~e prevalent amongst Af~ikaans-speaking pupils 
in count~y than in Cape Town schools. 
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Relative speeds on overtaking: 
We used the following situation to investigate the ideas which 
our pupils have about the relative speeds with which two bodies 
are moving when the one overtakes the other. 
.\ Question 8 4 
The sketches show a boy running after, catching up with and 
passing a girl in a race. The sketch which best compares their 
speeds at the moment the boy is next to the gi~l, is: 
(a) ( b) 
(a) The overall picture: 
The following graph shows the frequencies with which the 
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Note: 
1. 6'l. of the sample select option a, the option which suggests 
that the girl is running faster than the boy. 
2. 67% of the sample select option b, the option which suggests 
that the boy is running faster thari the girl. 
3. 26% of the sample select option c, the option which suggests 
that they are running equally fast. 
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(b) According to standard: 
1. In the Cape: 
The following graph compares the frequencies with which Cape 
pupils in the different standards select the different options. 
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- Std.7 
1. Option a receives very little support from pupils in all of-
the standards. 
2. While option b is the most popular choice with pupils in all 
of the standards, standards 4 and 5 pupils do not select it 
with as high a frequency as do pupils in the other standards. 
3. Standards 6, 7 and 8 pupils find option b more attractive than 
standard 9 pupils. 
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4. Option c receives fair support from pupils in all of the 
standards but fairly large support from standards 4 and 5 
pupils. 
5. Standard 9 pupils find option c more attractive than pupils in 
standards 6, 7 and 8. 
2. In Transkei: 
The following graph compares the frequencies with which pupils in 
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1. While option b is the most popular option with pupils in all 
of the standards, the other two options received fair support 
from all of the standards as well. 
2. Option b is the most popular option with the pupils in 
standard 6. 
3. Pupils in standards 4 and 5 find option c more attractive than 
those in standard 6. 
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(c) Comparing the Cape and Transkei: 
The following graph compares the frequencies with which pupils in 
standards 4, 5 and 6 in schools in the Cape and Transkei select 
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Note: 
1. There are differences in the frequencies with which the two 
groups select each of the three options 
2. 4% of the pupils in schools in-the Cape and 18% of pupils in 
schools in Transkei select option a. 
3. 62% of pupils in schools in the Cape and 54% of pupils in 
schools in Transkei select option b. 
4. 34% of pupils in schools in the Cape and 28% of pupils in 
schools in Transkei select option c. 
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(d) Comparing the lanauaae aroups in the Cape: 
The following graph compares the 
Afrikaans-and-English-speaking pupils 





























in schools in 
B4. 
Af~ikaans vs.English.Cape . 
()pt.ions. 
A = At~ikaans. 
E = English. 
noteworthy differences in 
groups select the different 
the frequencies 
options. 
3% of the pupils in both groups select option a. 
74% of the pupils in both groups select option b. 
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(e) Comparing the sexes: 
1. In the Cape: 
The following graph compares the frequencies with which boys and 
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1. There are fairly large.differences in the frequencies with 
which the two groups select options b and c. 
2. 76'l. of the boys and 66'l. of the girls select option b. 
3~ 21'l. of the boys and 31'l. of the girls select option c. 
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2. In Transkei: 
The following graph compares the frequencies with ~hich boys and 
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1. There are no noteworthy differences in the frequencies with 
which the two groups select the diff~rent options. 
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(f) Comparing pupils from Town and country areas: 
The following graph compares the frequencies with which 
Afrikaans-speaking pupils attending schools in Cape Town and 






















Town vs. Coun tl'Y. Atl'i kaans. 
(Jptions. 
T = Cape Tow. 
C = countl'!l. 
1. There are only small differences in the frequencies with which 
the two groups select options b and c. 
2. 74/. of pupils in Cape Town and 69/. of pupils in country towns 
select option b. 
3. 22/. of pupils in Cape Town and 28/. of pupils in country towns 
select option c. 
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(h) Comparing some standards: 
1. Standard 4 and standard 9 non-science pupils. 
The following graph compares the frequencies with which standards 
4 and 9 non-science ~upils select the different options. 
B4. 
Std.4 vs. std.9 non-science. 
()ptions. 
Note: 
4 : Std.4 
9 = Std.9 
1. There a~e fairly large differences in the frequencies with 
which the two groups select options b and c. 
2. 54% of standard 4 and 73% of standard 9 pupils select option 
b. 
3. 43% of standard 4 and 22% of standard 9 pupils select option 
c. 
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2. Standard 4. 7 and 9 science pupils: 
The following graph compares the frequencies with which standards 
4, 7 and 9 science pupils select the different options. 
B4. 
Std.4, 7 and 9 science. 
(Jpl.ions. 
Note: 
4 = Std.4 
7 = Std.7 
9 = Std.9 
1. Opt ion a received very 1 itt le support from all three groups. 
2. The standard 4 group is fairly evenly divided between option b 
and c 
3. Although both the standard 7 and 9 groups find option b the 
most popular, the standard 7 pupils find it somewhat more 
popular than the standard 9 group. 
4. Interestingly, 24% of the standard 9 science pupils select 
option c, as opposed to only 15% of the standard 7 pupils. 
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3. Standard 9 science and non-science pupils: 
The following graph compares 
9 pupils who do and who do 
different options. 
the frequencies with which standard 
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1. There is no noteworthy differences in the frequencies with 
which the two groups select the different options. 
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(h) Selection of individual options: 
The following graph compares the 
individual options are selected 
standards. 
frequencies 
by pupils in 
with which the 
the different 
B 4. 












Std.4 Std.5 Std.6 Std.7 Std.B Std.Q 8 Std.Q Ns 
Standard 
- Option a -+- Option b _.__ Option c 
Note: 
1. The small difference in the frequencies with which option b 
and ~ are selected by pupils in standard 4 and 5. 
2. The increase in frequencies with which option b is selected 
across standards 6, 7 and 8 and a decrease to the standard 9 
groups. 
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Summary: 
1. When we examine the overall picture we find that at the moment 
when the two bodies are opposite each other during the act of 
o~ertaking: 
6% of our sample believe that the body being overtaken has the 
greater speed; 
67% of the pupils in our sample believe that the ove~taker has 
the greater speed; 
26% of the pupils in our sample believe that the speed of the 
two bodies is equal. 
2. When we compare the frequencies with which pupils in the 
different standards in schools 
different options, we find that: 
in the Cape select the 
a very small proportion of the pupils in all of the classes 
believe that the girl is running faster than the boy when he 
overtakes her; 
the majori~y of pupils in each of the standards believe that 
the boy is running faster than the girl, but this belief is 
supported by a smaller proportion 
than by pupils in the rest of 
of standard 4 and 5 pupils 
the standards. It is also 
interesting to note that the pupils in the two standard 9 
groups do not hold this belief quite as widely as the standard 
6, 7 and 8 pupils. 
quite a large proportion of standard 4 and 5 pupils believe 
that the boy and the gi~l are running equally fast when he is 
next to her. This belief is held by a much smaller proportion 
of standard 6, 7 and 8 pupils but the pupils in the two 
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standard 9 groups find it mo~e attractive. 
In Transkei we find that: 
the majority of pupils in each of the classes believe that the 
boy is running faster than the girl, but the two other options 
received fair support as well; 
the belief that the speeds are equal is more widely held by 
pupils in standard 4 and 5; 
a greater proportion of standard 6 pupils than standard 4 and 
5 pupils believe that the boy is running faster than the 
girl. 
3. When we compare standard 4, 5 and 6 pupils at schools in the 
Cape and Transkei, we find that: 
4% of the pupils in schools in the Cape and 18% of pupils in 
schools in Transkei believe that the girl is running faster 
than the boy; 
62% of the pupils in the Cape and 54% of the pupil~ in 
Transkei believe that the b6y is running faster thah the 
girl; 
34% of the pupils in the C~pe and 28% of the pupils in 
Transkei believe that the boy and girl are running equally 
fast. 
4. When we compare Afrikaans-ard English-speaking pupils, we find 
that: 
the two groups do not differ in the frequencies with which the 
pupils select the different options; 
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23% of the pupils in each of the two g~oups believe that the 
boy and gi~l a~e ~unning equally fast when they a~e opposite 
each othe~; 
3% of the pupils in each of the g~oups believe that the gi~l 
is ~unning faste~ than the boy. 
5. When we compa~e boys and gi~ls in the Cape, we find that: 
76% of the boys and 66% of the gi~ls believe that the boy is 
~unning faste~ than the gi~l; 
21% of the boys and 31% of the gi~ls believe that the boy and 
gi~l a~e ~unning equally fast. 
In T~anskei we find no noteworthy diffe~ence between the two 
g~oups. 
6. When we compa~e Af~ik~ans-speaking pupils f~om Town and 
count~y a~eas, we find that: 
74% of Town and 69% of count~y pupils believe that the boy is 
~unning faste~ than the gi~l; 
22% of the Town and 28% of the count~y pupils believe that the 
boy and gi~l a~e ~unning equally fast. 
7. When we compa~e the pupils in some of the standa~ds, we find 
that: 
54% of standa~d 4 and 73% of standa~d 9 non-science pupils 
believe that the boy is ~unning faste~ than the gi~l; 
43% of the standa~d 4 and 22% of the standa~d 9 non-science 
pupils believe that the boy and gi~l a~e ~unning equally fast 
when he ove~takes he~; 
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the belief that the boy and girl are running equally fast is 
held by 24/. of the pupils in both the standard 9 groups. This 
is about 10/. more than the proportion of standard 7 pupils who 
believe this. 
8. The graph which shows the selection of the individual options 
across the standards clearly illustrat~s the popularity of 
option b with all of the classes as well as the decrease in 
popularity of this option from the standard 8 group to the two 







We used three situations depicted in questions C3, C5 and C7 in 
order to investigate the beliefs which our pupils hold about the 
path along which an object, which is initially travelling in a 
circle, will travel once the object is released and moving 
freely. Once again we are particularly interested in any 
context-related responses and so the thr~e situations, while 
conceptually similar, are not so from a contextual point of view. 
C5 involves a child being swung in a circle by its father and 
then released. We think that any child who has experienced this 
game will have felt the enormous 
and that this might encourage 
travel radially outwards once 
pull inwards on his or her arms 
a belief that he or she might 
released. We are therefore 
particularly interested to see the effect on the responses when a 
human is part of the system. 
In the investigations into the beliefs which students hold about 
the path along which a body, which is iniiially moving in a 
circle, or along a curve, will move when the constraining force 
is removed, McCloskey et al (see p 92) find that a high 
proportion of students in their sample exhibit a belief that the 
object would carry on moving on a curved path. The proportion of 
students who share this belief seemed to be dependent on the 
context of the question. In particular, they find that if the 
461 
Chapter 10 Circular motion Overview 
object is seen to have spent a longer time travelling along a 
curve or if it is forced to travel in a tighte~ curve then the 
proportion of students selecting a curved path for the object 
after its release is greater. 
Of importance for us is McCloskey et al's results on objects 
whidh moved in a circle before being released. They find that 30% 
of their sample indicate that the object will move along a curve, 
6% that it will move radially 6utwards and a further 6% that it 
will move along a straight line at an angle to the radius of the 
circle. Their sample consisted of undergraduate university 
students and as we will present evidence that the belief in the 
continuation of a curved path appears to be related to the age of 
the pupils, we feel that the results of our standard 9 science 
pupils should be compared with those of McCloskey et al. Thus, 
for example on the question of a man swinging a ball around his 
head before releasing it, we find that 41% of our standard 9 
pUpils who do science select the option which indicates ~ curved 
path for the ball after its release, 23% indic~te that it will 
travel radially outwards while 29% indicate that it will travel 
along a straight line at an angle to the radius of the original 
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Results: 
1. In all three of the situations investigated, we find that the 
majority of the pupils in our sample believe that the path 
along which the object will travel after it is relea~ed~ is a 
curve. However, the proportion of the pupils selecting a 
curved path appears to be dependent on the situation 
presented. Thus for a ball b~ing sw~rig in a ·circle before 
release 46% and 45% 6f the pupils.select a cuived path on C3 
and C7 respectively whereas 'for a girl being swung in a circle 
before being released only 41% select a curved path. The fact 
that the proportion of pupils who select a curved path depends 
on the situation presented to them as well as the standard 
which they are in, is clearly illustrated in the following 
graph which compares the proportion of pupils selecting · a 
curved path with the standard which they were in. 
Ci l:"'CUI a:r Motion. 
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2. We find that the proportion of pupils who select a curved path 
depends on the standard which they are in. In all cases we 
find that a larger proportion of the pupils in the lower 
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standards prefer curved paths when compared to the standard 9 
science pup~ls. The following graph cbmpares the frequency 
with which standards 4, 7 and 9 science pupils select curved 
paths in the situations presented to them. 
Ci~culaX' Motion. 
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It is quite clear from the graph that a s~aller proportion of 
standard 9 science pupils thaM standard 4:or standard 7 pupils 
prefer a curved path. -The reason for this is not at all clear. 
What is interesting is the change in preference for a path which 
is along a straight line at an angle to the radius of the 
original circle. The following graph compares the same three 
groups with respect to the frequency with which they select this 
option. 
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Std.4, 7 and 9 science.Angled path. 
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It is clear- that the. pr-opor-tion of standar-d 9 science pupils who 
select this path is consistently higher- than that of the standar-d 
4 and 7 pupils. Ther-e is some evidence that the popular-ity of 
this choice incr-eases acr-oss the thr-ee gr-oups. The following 
gr-aph clear-ly illustr-ates that the pr-opor-tion of pupils who 
pr-efer- an angled path depends on the situation pr-esented to them 







Chapter 10 Circular motion Overview 
It is clear fromithe results obtained from pupils in the Cape 
that the belief that the object when released will travel at a 
tangent to the circle is an extremely unpopular one with pupils 
in all of the st~ndards on questions C3 and C7. Interestingly, 
there is very little· variation in the frequency with which it is 
selected by pupil~ in any of th~ standards. 
By introducing aichild being swung in a ~ircle and released we 
were providing wh~t we believe to be a particularly appropriate 
opportunity for pupils to select a radial path. This question, 
C5, did effect t~e respons~s differeMtly as the graphs already 
presented clearly show, but not in the way that we expected. On 
this question the: tangential path is very popular with all of the 
standards. As a , matter of fact, it is the next most popular 
choice for the pu~ils in all of the groups ~ith the exceptibn of 
the standard 9 s;cience group. This option is now selected by up 
to 30% of the pupils in some of the standards. 
With pupils in s~hools in T~anskei, we find that the most popular 
belief is that :the ball will travel-in a curve after being 
released. The responses to the questions seem to be very 
' 
dependent on the ·situation presented. In C3 the next most popular 
choice by pupil~ in all of the standards is a tangential path 
while on C5 and C7 it is a radial one. The situation involving 
the girl induce~ the pupils to select a· radial path with a 
frequency of up to 36%. 
3. When we compare pupils in standards 4, 5 and 6 attending 
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situations presented a greater proportion of pupils in Cape 
schools believe that the object when released will continue on 
a curved path. On two of the situations, C5 and C7, a much 
larger proportion of pupils in Transkei than in Cape schools 
believe that the object will travel radially out~ards. 
Interestingly in C3, a situation which one imagines must be 
fairly well known to children in Transkei, this is not the 
case. Here the proportion of pupils from the . two groups 
selecting a radial path is about equal, but the proportion of 
Transkei pupils who believe that the object will travel 
tangentially is much larger than that in the Cape. In this 
situation it is the next most popular option in Transkei. 
4. In all three of the situations presented we find no 
appreciable differences in the proportion of English-and 
Afrikaans-speaking pupils who hold simila~ beliefs about the 
path the objects will travel along upon b~ini relea~cid. We 
find that the proportion of.pupils who select a particular 
option to depend upon the situation presented. The following 
table shows this clearly. 
Question Path selected 
G-. G' G G 
C3. 23% 23% 8% 46% 
I 
C5. 10% 23% 27% 40% 
C7. 8% 30% 16% 45% 
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5. We find that there are fairly large differences between the 
beliefs of boys and girls attending schools in the Cape. The 
following graph compares the proportion of boys and girls who 
select a curved path for the object in the different 
























B = Boys. 
G = Gi:rls • 
It is quite clear that a greater proportion· of girls than boys 
hold the the b~:: 1 i ef that the object wi 11 trave 1 alr_~ug a c.~urved 
path. As the following graph shows, a greater proportion of boys 
than girls prefer a straight line path at an angle to the radius. 
It appears that the notion that the object moves along a straight 
line path is one which is better developed in boys than girls. 
One can only speculate about the reasons for this. 
Cil'cula:r Motion. 









B B = Boys. 
C = Cil'ls. 
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It is clear that in each of 
substantially greater proportion of 
path at an angle to the radius. 
the situations presented a 
boys than girls select the 
In Transkei we find that the belief that the object will 
continue to move along a curved path is held by a slightly 
larger proportion of boys than girls in two of the situations 
presented to them. 
6. We find that there is no noteworthy difference between the 
proportion of Afrikaans-speaking pupils who share the 
different beliefs and who attend schools in Cape Town and in 
country towns. 
7. We have shown quite clearly that the proportion of pupils who 
select a particular path will depend on the standard they are 
in and the situation presented to them. There is very clear 
evidence that older pupils prefer a path which is at an angle 
to the radius for an object once it has been released. 
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The sketch shows a boy 
who is swinging a ball, 
which is attached to 
a st~ing, ho~izontally 
a~ound his head. 
Question C 3 
:::~~-~=~-~ -R~~--~!~~-~:~.:. 
. ~ -~- . . 
: ~ . 
' 
Seen f~om above it would look li~e this: 
He lets the st~ing go when the ball is at A. The path the ball 
will t~avel along afte~ he has ~eleased it, is: 
. /<.- ···:"·-...>-. 
-~ ........ "'--~""' 
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(a) The overall picture: 
The following graph shows the 
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by the pupils in 
which the 
the whole 
1. 21% of the pupils in our whole sample select option a, the 
option_ which suggests that the ball will move radially 
outwards. 
2. 21% of the pupils select option b, the option which suggests 
that the ball will move in a straight line at an angle to the 
radius. 
3. 12% of the pupils select option c, the option which suggests 
that the ball will move at a tangent to the circle. 
4. 46% of the pupils select option d. the option which suggests 
that the ball will keep on moving in a curved path. 
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(b) According to standard: 
1. In the Cape: 
The following graph compares the frequencies 
different options are selected by pupils in 
standards in schools in the Cape. 
with which ·the 
the different 
C3 



















[]ill Std.6 -Std.7 -Std.Q Ns 
1. Option d is the favourite option with pupils in all of the 
standards and especially so with pupils in standards 4 and 6. 
2. Option c is by far the least popular with pupils in all of th~ 
standards and the proportion of pupils in each of the 
standards who select it is very constant across the 
standards. 
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3. Option b is more attractive to pupils in st~ndards 8 and 9. 
4. Option a is selected by about the same proportion of pupils in 
each of the standards except the standard 5 group, who select 
it with a frequencies which is slightly higher than that of 
the other standards. 
2. In Transkei: 
The following graph compares the frequencies with which pupils in 
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1. Option d is the favourite option with the pupils in each of· 
the standards. 
2. Option c is the n~xt most popular with the -~~pils and is 
selected by a fairly high proportion of pupilsj with little 
variation across the standards. 
3. Options a is a little more popular with the pupils in 
standards 4 and 5. 
4. Option b is the least popular with the pupils in all of the 
standards 
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(c) Comparing the Cape and Transkei: 
The following graph compar-es the fr-equencies with which pupils in 
standar-ds 4, 5 and 6 in schools in the Cape and Tr-anskei select 
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1. Ther-e ar-e differ-en~es in the fr-equencies with which the pupils 
in the two gr-oups select all of the options~ In the case of 
options c and d the differ-ences ar-e quite lar-ge and in the 
case of c mar-kedly so. 
2. 23'l. of the pupils in the Cape and 17'l. of the pupils in 
Tr-anskei select option a. 
3. 18'l. of the pupils in the Cape and 14'l. of the pupils in 
Tr-anskei select option b. 
4. B'l. of the pupils in the Cape and 28'l. of the pupils in Tr-anskei 
select option c. 
5. 52'l. of the pupils in the Cape and 41'l. of the pupils in 
Tr-anskei select option d. 
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(d) Comparing the language groups in the Cape: 
The following graph compares the 
Afrikaans-and-English-speaking pupils 
select the different options. 
C3. 
% Af~ikaans vs.English. 
f .fD.D J ~ = Afr>i kaans. 
P U.D = English. 
















1. There are no noteworthy differences in the frequencies with 
which pupils from the two groups select options ~' b and c. 
2. 23% of the pupils select option a. 
3. 23% of the pupils select option b. 
3. B'l. of the pupils select option c. 
4. 45% of Afrikaans-speaking and 48% of English-speaking pup~ls 
select option d. 
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(d) Comparin; th• ••~••• 
1. In the Cape: 
The following graph compares the frequencies with which boys and 
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Note: 
1. There are differences in the frequencies with which pupils 
from the two groups select the different options. In the case 
of options a, b and d these differences are appreciable. 
2. 26% of the boys and 19% of the girls select option a. 
3. 28% of the boys and 16% of the girls select option b. 
4. 10% of the boys and 6% of the girls select option c. 
5. 37% of the boys and 59% of the girls select option d. 
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(d) Comparing the sexes: 
1. In the Cape: 
The following graph compares the frequencies with which boys and 






B = Boys. 
C = Ci:rls. 
are differences in the frequencies with which pupils 
from the two groups select the different options. In the case 
of options a, b and d these differences are appreciable. 
2. 26% of the boys and 19% of the girls select option a. 
3. 28% of the boys and 16% of the girls select option b. 
4. 10% of the boys and 6% of the girls select option c. 
5. 37% of the boys and 59% of the girls select option d. 
477 
Chapter 10 Circular motion Question C 3 
2. In Transke i: 
The following graph compares the frequencies with which boys and 
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1. There are differences in the frequencies with which the pupils 
from the two grciups select options a, c and d. In the case of 
options c and d the differences were appreciable. 
2. 19% of the boys and 16% of the girls select option a. 
3. 14% of the ·pupils select option b. 
4. 22% of the boys and 33% of the girls select option c. 
5. 46% of the boys and 37% of the girls select option d. 
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(e) Comparing Town and country areas in the Cape: 
The following graph compares the frequencies with which 
Afrikaans-speaking pupils who attend schools in Cape Town and 
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1. The pupils from the two groups select the different options 
with very similar frequencies. 
I 
479 
Chapter 10 Circular motion Question C 3 
(g) Comparinl some standards: 
1. Standard 4 and standard 9 noo~scieoce: 
The following graph compares the frequencies with which pupils in 




















Std.4 vs.Std.9 no science. 
4 : Std.4. 
9 : Std.9. 
1. There are small differences in the frequencies with which 
pupils from the two groups select options a, b and d. 
2. 20% of standard 4 arid 18% of standard 9 pupils select option 
a. 
3. 18% of standard 4 and 27% of standard 9 pupils select option 
b. 
4~ 7% of the pupils in both groups select option c. 
5. 55% of standard 4 and 48% of standard 9 pupils select option 
d. 
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2. Standards 4. 7 and 9 science: 
The following graph compares the frequencies with which standards 



















Std.4, 7 and 9 science. 
4 : Std.4. 
7: Std.? • 
9 : Std.9. 
1. Option a is selected by about the same proportion of pupils in 
.each of the standards. 
2. There is a steady increase in the popularity of option b from 
standard 4 through to standard 9. 
3. Option c is selected by about the same small proportion of 
pupils in each of the standards. 
4. There is a steady decrease in the frequencies with which the 
pupils selec~ option d from standard 4 through to standard 9. 
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3. Standard 9 science and non-science: 
The following graph compares the frequencies with which standard 
9 pupils who do and who do not do science at school select the 
different options. 
C3. 
Std.9. Science vs.no science. 
S = Science. 
Ns = no science. 
t"J.'IiiJns. 
Note: 
1. There are small differences in the frequencies with which 
pupils from the two groups select options a, b and d. 
2. 23% of science and 18% of non-science pupils select option a. 
3. 29% of science· and 27% of non-science pupils select option b. 
4. 41% of science and 48% of non-science pupils select option d. 
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(h) Selection of individual options• 
The following graph compares the frequencies with which the 
individual options are selected by pupils across the standards. 
C3 









Std.4 Std.5 Std.6 Std.7 Std.8 Std.9 S . Std.9. Ns 
Standard 
- Option a -+- Option b ___.__ Option c -e- Option d 
Note: 
1. There is a gradual decrease in the popularity of option d to a 
minimum with the standard 9 science pupils. It would appear 
that the standard 5 group are "out of step" as this group 
appears to be selecting this option with too low a frequency. 
2 •. There is a gradual increase in popularity of option b to a 
maximum with the standard 9 science group. 
3. The~e are small peaks in the curves for options a and c over 
the standard 5 group. 
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Summary• 
1. When we examine the overall picture we find that: 
21% of all the pupils believe that the ball will travel along 
a radial path when released; 
21% of all the pupils believe that the path of the b~ll will 
be along a·straight line at-an angle to the radius; 
12% of the pupils believe that the ball will 
tangent to the circle; 
travel at a 
.46% of the pupils believe that· the ball will travel along a 
curve once released; 
2. When we compare the frequencies with which the pupils in the 
different standards in schools 
different options we find that: 
in the Cape select the 
the majority of pupils in each of the standards believe that 
the ball will travel along a curve once released. This belief 
is more widely held by standard 4 pupils. 
a small but consistent proportion of the pupils in each of the 
standards believe that the ball will travel at a tangent to 
the circle; 
a slightly greater proportion of standard 8 and 9 science 
pupils believe that the ball will travel in a straight line at 
an angle to the radius; 
a remarkably consistent proportion of the pupils in all of the 
standards believe that the ball will travel radially outwards 
once released. 
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In Transkei we find that: 
most of the pupils in each of the standards believe that the 
ball will travel along a curve once released; 
the next most widely held belief is that the ball will travel 
at a tangent to the circle. 
3. When we compare pupils in standards 4, 5 and 6 at schools in-
~M the Cape and Transkei we find that: 
23% of pupils in the Cap~ and 17% of pupils in Transkei 
believe that the ball will travel radially outwards; 
18% of the pupils in the Cape and 14% of the pupils in 
Transkei believe that the path of the ball will be along a 
straight line at an angle to the radius; 
8% of the pupils in the Cape and 28% of the pupils in Transkei 
believe that the ball will travel along a .tangent to the 
circle; 
52% of the pupils in the Cape and 41% of the pupils in 
Transkei believe that the ball will travel along a curved path 
once released. 
4. When we compare Afrikaans-and-English-speaking pupils in 
schools in the Cape we find that the proportion of pupils in 
. . 
each of the two groups who share similar beliefs to be very 
similar. A small majority of English speaking pupils believe 
that the ball will travel along a curved path. 
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5. When we compare boys and girls in schools in the Cape we find 
that: 
26% of the boys and 19% of the girls believe that the ball 
will travel radially outwards; 
28% of the boys and 16% of the girls believe that the path 
will be along a straight line at an angle to the radius; 
lOY. of the boys and 6% of the girls believe that the path will 
be a tangent to the circle; 
37% of the boys and 59% of the girls believe that the ball 
will travel on a curve after release. 
In Transkei we find that: 
19% of the boys and 16% of the girls believe that the ball 
will tr~vel radially outwards; 
22% of the boys and 33% of the girls believe that the ball 
will travel at a tangent to the circle; 
46% of the boys and 37% of the girls believe that the ball 
will travel on a curve after release. 
6. When we compare Afrikaans-speaking pupils attending schools in 
Cape Town and country towns we find that the proportion of 
pupils in each of the two groups who share similar beliefs to 
be almost the same. 
7. When we compare the pupils in some of the standards we find 
that: 
18% of standard 4 and 27% of standard 9 non-science pupils 
believe that the ball will travel along a straight line at an 
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angle to the radius: 
55% of the standard 4 and 48% of the standard 9 non-science 
pupils believe that the ball will continue along a curve once 
released: 
there is an increase 
that the ball will 
in the proportion of 
move at an angle 
pupils who believe 
to the radius from 
standard 4 through to standard 9 science pupils; 
there is a decrease in the proportion of pupils who believe 
that the ball will travel along a curve from standard 4 
through to standard 9 science pupils: 
23% of scien6e and 18% of non-scienbe pupils in standard 9 
believe that the ball will tr~vel radially outwards: 
41% of the standard 9 science and 48% of the non-science 
pupils believe that the ball will continue along a curve once 
released. 
8. The graph which compares the frequencies with· which the 
individu~l options are selected across the standards: shows 
that: 
the proportion 6f pupils who ·share the belief that the ball 
will travel along a curve decreases from standard 4 through to 
the standard 9 science pupils. but the standard 5 group appear 
to be "out of step"; 
the proportion of pupils who believe that the ball will travel 
along a straight line at an angle to the radius increases from 
standard 4 through to a maximum with the standard 9 science 
pupils. 
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The sketch shows a girl who 
is being playfully swung in 
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(a) The overall picture: 
The following graph compares the frequencies with which pupils in 
the whole sample select the different options. 
C5. 
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Note: 
1. 15% of the pupils· in the whole sample select option a, the 
option which suggests that the girl will travel radially 
outwards. 
2. 25% of the pupils select option b, the option which suggests 
that the girl will travel at a tangent to the circle. 
3. 19% of the pupils select option c, the option which suggests 
that the girl will travel along a straight line at an angle to 
the radius. 
4. 41% of the pupils select option d, the option which suggests 
that the girl will continue on a curve after being released. 
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(b) Aooordina to standard: 
1. In the Cape: 
The following graph compares the frequencies with which pupils in 
the different standards in schools in the Cape select the 
different options. 
C5 
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1 .. With the exception of the standard 9 science pupils, the 
majority of the pupils in the other standards favour option 
d. 
2. Option c increases in popularity to a maximum with the 
standard 9 science pupils who find it the most popular 
option. 
490 
Chapter 10 Circular motion Question C 5 
3. Option b is the next most ·popular option with pupils in all of 
the standards except the standard 9 science pupils. 
4. Option a is selected by a small but remarkably consistent 
proportion of pupils in all of the standards. 
2. In Transke i: 
The following graph compares the frequencies with which pupils in 
the different standards in Transkei s.elect the different 
options. 
C5 
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1. Option d is the most popular option for pupils from all of 
the standards, but more so for standard 6 pupils. 
2. Option c i~ the least popular option with the pupils in all of 
the standards. 
3. Option b is not popular with any of the standards, but the 
standard 5 pupils find it more attractive than pupils from any 
of the other standards. 
4. Option a is very popular with pupils from all of the standards 
and only a little less popular than option d. 
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(c) Comparin; th• Cap• and Transkeis 
The following graph compares the frequencies with which pupils in 
standards 4, 5 and 6 in schools in the Cape and Transkei select 




Cape vs. Tl'anske i . 
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Note: 
1. There are differences in the frequencies with which the pupils 
from the two groups select all of the options. In the case of 
options a and b the differences are large. 
2. 10% of the pupils from the Cape and 32% of the pupils from 
Transkei select option a. 
3. 29% of the pupils from the Cape and 17% of the pupils from 
Transkei select option b. 
4. 16% of the pupils from the Cape and 11% of the pupils from 
Transkei select option c. 
5. 45% of the pupils from the Cape and 40% of the pupils from 
Transkei select option d. 
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(d) Comparing the language groups in the Cape: 
The following graph compares the 
Afrikaans-and-English-speaking pupils 
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1. There are small differences in the frequencies with 
pupils from the two groups select options a, b and d. 
2. 9/. of Afrikaans-and 12/. of English-speaking pupils 
option a. 
3. 28/. of Afrikaans-and 26/. of English-speaking pupils 
option b. 
4. 23/. of the pupils from both groups select option c. 







Chapter 10 Circular motion Question C 5 
(e) Com~arin; tM• ~•~••• 
1. In the Cape: 
The following graph compares the frequencies with which boys and 













1. There are 
and girls 
2. 30'l. of the 
3. 28'l. of the 




B = Boys. 





large differences in the frequencies with which 
select options c and d. 
boys and 25'l. of the girls select option b. 
boys and 15'l. of the girls select option c. 
boys and 50'l. of .the girls select option d. 
boys 
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2. In Transkei: 
The following graph compares the frequencies with which boys and 




















B = Boys. 
C = Gi~ls . 
c 
(Jpl.iDn~-. 
1. There are small differences in the frequencies with which boys 
and girls select option c and d. 
2. 9% of the boys and 13% of the girls s~lect option c 
3. 44% of the boys and 37% of the girls select option d. 
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(f) Comparina Town and country areas in the Cape: 
The following graph compares the frequencies with which 
Afrikaans- speaking pupils who attend schools in Cape Town and 
country towns select the different options. 
C5. ,, Town vs.Count~.Rf~ikaans. .... 
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1. There are clearly no noteworthy differences in the frequencies 
with which the differerit options are selected by the pupils 
from the two groups. 
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(g) Comparing some standards: 
1. Standard 4 and standard 9 non-science pupils: 
The following graph compares the frequencies with which standard 
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1. There are differences in the frequencies with which pupils 
from the two groups select options c and d. 
2. 14% of the standard 4 and 23% of the standard 9 non-science 
pupils select option c. 
3. 46% of the standard 4 and 39% of the standard 9 non-science 
group select option d. 
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2. Standard 4, 7 and 9 science pupils: 
The following graph compares the frequencies with which standards 
4, 7 and 9 pupils who do science select the different options. 
C5 







1. Standard 9 science pupils find option b relatively unpopular. 
2. There is an _increase in the popularity. of option c from 
stand~rd 4 through to standard 9 science pupils. 
3. There is a steady decrease in popularity of option d from 
standard 4 through to standard 9 science pupils. 
4. Option a is selected by about the same proportion of pupils in 
each of the three standards. 
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3. Standar-d 9 science and non-science pupils: 
The following gr-aph compar-es 
9 pupils who do and who do 
differ-ent options. 
the fr-equencies with which standar-d 
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1. Ther-e ar-e differ-ences in the fr-equencies with which the pupils 
in the two gr-oups select opti·ons · b, c and d. 
2. 20% of science and 28% of ·non-science pupils select option b. 
3. 39% of science and 23% of non-science pupils select option c. 
4. 30% of science and 39% of non-science pupils seiect option d. 
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The following graph shows how the individual options are selected 
by the pupils across the standards. 
C5 







Std.4 Std.5 Std.6 Std.? Std.S Std.Q S Std.Q Ns 
Standard 
- Option a -I- Option b ----- Option c -a- Option d 
Note: 
1. There is a gradual decrease in the popularity of option d to a 
minimum with the standard 9 science group. 
2. There is an increase in the popularity of option c to a 
maximum with the standard 9 science group. 
3. With the exception of the standard 9 scienc~ group, option b 
is selected by a relatively high and stable proportion of 
pupils in each of the other standards. 
4. Option a is selected by a small but consistent proportion of 
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pupils in all of the standards. 
Summary: 
1. When we look at the overall picture we find that, after the 
girl had been released: 
15% of the pupils believe that she will move radially 
outwards; 
25% o~ the pupils believe that she.will move a~ a tangent to 
the circle; 
19% of the pupils believe that she will move in a straight 
line at an angle to the radius; 
41% of the pupils believe that she will move on a curve; 
2. When we compare the frequencies with which.the pupils in the. 
different standards in the Cape select the different ~ptions 
we find that: 
with the exception of the standard 9 science pupils the 
majority of the pupils in the other standards believe that the 
girl will continue to travel in a curve once released; 
the belief that the girl will travel in a straight line at an 
angle to the radius increases across the standards to a 
maximum with the standard 9 science pupils, for whom this is 
the most popular belief; 
the next most popular belief with the pupils in all of the 
standards except the standard 9 science pupils, is that the 
girl will travel at a tangent to the circle; 
about 10% of the pupils in each of the standards believe that 
the girl will move radially outwards. 
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In Tran~kei we find that: 
the majority of the pupils in each of the standards believe 
that the girl will travel on a curve after being released; 
a slightly smaller proportion of the pupils believe that she 
will travel radially outwards after being released. 
3. When we compare pupils in standards 4, 5 and 6 in schools in 
the Cape and Transkei we find that: 
10% of the pupils in the Cape and 32% of the pupils in 
Transkei believe that the girl will travel radially outwards 
after being released; 
29% of the pupils in the Cape and 17% of the pupils in 
Transkei believe that the girl will travel at a tangent to the 
circle after being released; 
45% of the pupils in the Cape and 40% of the pupils in 
Transkei believe that she will travel on a curve after being 
released. 
4. When we compare Afrikaans-and-English-speaking pupils we find 
that the proportions of pupils in the two groups who share the 
different beliefs to be very similar. 
5. When we compare boys and girls at schools in the Cape we find 
that: 
30% of the boys and 25% of the .girls believe that the girl 
will travel at a tangent to the circle after being released; 
28% of the boys and 15% of the girls believe that the girl 
will travel in a straight line at an angle to the radius after 
being released; 
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33% of the boys and 50% of the girls believe that the girl 
will continue on a curve after being released; 
' 
In Transkei we find that 44% of the boys and 37% of the girls 
believe that the girl will continue on a curve after being 
released. 
6. When we compare Afrikaans-speaking pupils attending schools in 
Cape Town and country towns· we find that the proportions of 
pupils in each of the groups who share the same belief to be 
very similar. 
7. When we compare the pupils in some standards we find that: 
14% of standatd 4 and 23% of standard 9 non~science pupils 
believe that the girl will move in a straight line at_an angle 
to the radius after being released; 
46% of the standard 4 and 39% of the standard 9 non-science 
pupils believe that the girl will move on a curve after being 
released; 
there is an increase in the proportion of pupils who believe 
that the girl will move in a straight line at an angle to the 
radius from standard 4. through to the standard 9· science 
group; 
there is a decrease in the proportion of pupils who believe 
that the girl will move on a curve from standard 4.through to 
standard 9 science pupils; 
20% of standard 9 science and 28% of non-science pupils 
believe that the girl will move at a tangent to the circle; 
39% of standard 9 science and 23% of non-science pupils 
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believe that the girl will travel on a straight line at an 
angle to the radius; 
30% of standard 9 science and 39% of 
believe that the girl will continue on 
released. 
non-science pupils 
a curve aft~r being 
8. An examination of the graph indicating_ how the individual 
options are selected across the standards shows that: 
the proportion of pupils who believe that the girl will 
continue on a curve after being released gradually decreases 
across the standards to a minimum with the standard 9 science 
pupils; 
the propo~tion of pupils who believe that she will move in a 
straight line at an angle to the radius gradually increases to 
a maximum with the standard 9 science pupils. 
the belief that she will travel at a tangent to the circle is 
held 'by a fairly large proportion of pupils in all of the 
standards; 
a small but remarkably stable proportion of pupils in each of 
the standards believe that she will move radiall? outwards . 
• 
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Question C 7 
The sketch shows a man who 
is swinging a ball which 
is attached to a string 
vertically in front of 
him. He lets the string 
go when the ball is at A. 
The path the ball will 
travel along after he 






Chapter 10 Circular motion Question C 7 
(a) The overall picture: 
The following graph shows the frequencies with which the 





















1. 13% of the pupils in our ·whole sample select option a, the 
option which suggests that the ball will travel radially 
outwards. 
2. 16% of the pupils select option b, the option which suggests 
that the ball will travel at a tangent to the circle. 
3 .. 27% of the pupils select option c, the option which suggests 
that the ball will travel in a straight line at an angle to 
the radius. 
4. 45% of the pupils select option d, the option which suggests 
that the ball will travel on a curve when released. 
506 
Chapter 10 Circular motion Question C 7 
(b) According to standard: 
1. In the Cape: 
The following graph compares the frequencies with which Cape 
pupils in the different standards select the different options. 
C7 
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d 
- Std.7 
1. With the exception of the standard 9 science pupils~ option d 
is the most popular optiDn with the pupils in all standards. 
2. The standard 9 science group found option c the most 
attractive. Pupils in the other standards found this option 
the next most attractive. 
3. Option b is selected by a very consistent proportion of 
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pupils in all of the different standards. 
4. Option a is selected by a small but consistent proportion of 
pupils in all of the standards. 
2. In Transkej: 
The following graph compares the frequencies with which pupils in 





4 : Std.4 
5 : Std,5 
6 : Std.6 
1. Option d is the most, and consistently chosen, popular option 
with the pupils in all three standards 
2. Option a is the next most popular option and is selected by 
the same proportion of pupils in all three standards. 
3. Options b and c are selected by appreciably smaller 
proportions of pupils in each of the standards. 
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(c) Comparing the Cape and Transkei: 
The following graph compares 
4, 5 and 6 pupils in schools 
different options. 
the frequencies with which standard 
in the Cape and Transkei select the 
C7. 
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Note: 
1. The pupils in the two groups differ in the frequencies with 
which they select options a, c and d. 
2. 9% of pupils in the Cape and 28% of pupils i~ Transkei select 
option a. 
3. About 16% of th~ pupils in both groups select option b. 
4. 26% of the pupils in the Cape and 16% of -the pupil~ ih 
Transkei select option c. 
5. 49% of the pupils in the Cape and 39% of the pupils in 
Transkei select option d. 
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(d) Comparin; tM• lan;ua;• ;roups in tne Cap•• 
The following graph compares the 
Afrikaans-and-English-speaking pupils 
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1. It is clear that the different options are selected by very 
similar proportions of pupils from the two groups. 
2. 81. of the pupils select option a. 
3. 161. of the pupils select option b. 
4. 301. of the pupils select option c. 
5. 451. of the pupils select option d. 
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(e) Comparing the sexes: 
1. In the Cape: 
The following graph compar-es the frequencies with which boys and 
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1. Ther-e ar-e appr-eciable differ-ences in the fr-equencies with 
which boys and gir-ls select options b, c and d. 
2. About 9/. of both boys and gir-ls select option a. 
3. 20% of the boys and 12/. of the gir-ls select option b. 
4. 34% of the boys and 26% of the gir-ls select option c. 
5. 39/. of the boys and 53% of the gir-ls select option d. 
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2. In Transkei: 
The following graph compares the frequencies with which boys and 
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1. The different options are selected by very similar proportions 
of boys and girls. 
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{f) Comparing Town and country areas in the Cape: 
The following graph compares the frequencies with which 
Afrikaans-speaking pupils attending schools in Cape Town and 
country towns select the different options. 
C7. ,, Town vs.Countl'!J. ..... 
.f'B. 8 
T = Cape Town • .r 











1. There are small differences in the frequencies with which 
pupils from the two groups select options a, c and d .. 
2. 7% of pupils from Cape Town and 9% of pupils from country 
schools select option a. 
3. 15% of the pupils from both areas select option b. 
4. 29% of the pupils from Cape Town and 33% of the pupils from 
country towns select option c. 
5. 48% of the pupils from Cape Town and 42% of the pupil~ from 
country towns select option d. 
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(g) Comparinl some standards: 
1. Standard 4 and 9 non-science pupils: 
The following graph compares 
4 and standard 9 pupils who 
the different options. 
the frequencies with which standard 
do not do science at school select 
Note: 
.1" 






Std.4 vs. Std.9 no science. 
4 = Std.4. 




1. It is clear that the pupils from the two groups seleet the 
different options with remarkably similar frequencies. 
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2. Standard 4, 7 and 9 science pupils: 
The following graph compares the frequencies with which standard 
4, 7 and 9 pupils who do science at school select the different 
options. 
Note: 




Std.4, 7 and 9 science. 
4 Std.4. 
7 Std.? . 
9 Std.9. 
~ .?":" ~7 9 
~ .16.8 ,.. . 
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~ .J c 
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1. The pupils in the three st~ndards select option a with very 
similar frequencies. 
2. The different groups of pupils select option b with similar 
frequencies. 
3. The standard 9 science pupils select option c with. a 
noticeably higher frequency. 
4. The frequency with which option d is s~lected by the standard 
9 science pupils is low compared to the pupils in the other 
two standards. 
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3. Standard 9 science and non-science: 
The following graph compares 
9 pupils who do and who do 
different options. 
the frequencies with which standard 
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1. There are fairly big differences in the frequencies with which 
pupils from the two groups select options c and d. 
2. 41'l. of science and 29'l. of non-science pupils select option c. 
3. 35'l. of science and 48'l. of non-science pupils select option d 
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(h) Selection of individual options: 
The following graph shows how the individual options have been 
selected by the pupils across the standards. 
C7 









Std.4 Std.5 Std.6 Std.7 Std.8 Std.Q S Std.Q Ns 
Standard 
- Option a ~ Option b _.. Option c -e- Option d 
Note: 
1. There is a gradual decrease in the frequencies with which 
option d is selected, reaching a minimum with the standard 9 
science group. 
2. There is an increase in the frequencies with which option c is 
selected from standard 7 through to the standard 9 science 
gr'oup. 
3. Options a aMd b are selected with relatively small but stable 
frequencies by pupils in all of the standards. 
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Summary: 
1. When we look at the overall picture we find that: 
13% of the pupils believe that the ball will travel rad~ally 
outwards after being released; 
16% of the pupils believe that the ball will travel at a 
tangent to the circle after being released; 
27% of the pupils believe that the ball will travel in a 
straight line at an angle to th& radius after being released; 
45% of the pupils believe that the ball will continue to move 
along a curve after being released. 
2. When we compare the frequencies with which pupils in the 
different standards at ~chools 
different options we find that: 
in the Cape select the 
with the exception of the standard 9 science pupils the 
majority of pupils in each of the standards believ~ that the 
ball will travel along a curve once released; 
the majority of the standard 9 science pupils and the next 
largest propo~tion of pupils in the other standards believe 
that the ball will travel along a straight line at an angle to 
the radius after being released; 
a small but consistent proportion of the pupils in each of the 
standards believe that the ball will travel radially outwards 
from or at a tangent to the circle after being released. 
In'Transke~ w~ find that: 
the majority of pupils in each of the standards believe that 
the ball will travel along a curve after being released; 
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the next most popular belief with the pupils in all of the 
standards is that the ball will travel radially outwards after 
being released. 
3. When we compare standard 4, 5 and 6 pupils at schools in the 
Cape and Transkei we find that: 
9% of the pupils in the Cape and 28% of the.pupils in Transkei 
believe that the ball will trav~l 
being released; 
radially outwards after 
26%- of the pupils in the Cape and 16% of the pupils in 
Transkei believe that the ball will travel along a straight 
line at an angle to the radius after being released; 
49% of the pupils in the Cape and 39% of the pupils in 
Transkei believe that the ball will continue along a curve 
after being released. 
4. When we compare Afrikaans-and-English~speaking pupils at 
schools in the Cape we find that: 
the proportion of pupils from the two groups who share similar 
beliefs are almost the same; 
8% of the pupils b~lieve that the ball will 
outwards after being released; 
travel radially 
16% of the pupils beli~ve that the ball will travel at a 
tangent to the circle after- being released; 
30% of the pupils believe that the ball will travel along a 
straight line at an angle to the radius after being released; 
45% of the pupils believe that the ball will continue along a 
curve after being released. 
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5. When we compare boys and girls at schools in the Cape we find 
that: 
20/. of the boys and 12/. of the girls believe that the ball 
will travel at a tangent to the circle after being released; 
34/. of the boys and 26/. of the girls believe that the ball 
will travel along a straight line at an angle to the radius 
after being released; 
39/. of the boys and 53% of the girls believe that the ball 
will continue along a curve after being released. 
In Transkei we find that there is no noteworthy difference 
between the proportion of boys and girls who share similar 
beliefs. 
6. When we compare Afrikaans-speaking pupils attending schools in 
Cape Town and country towns we find that: 
29% of pupils from Cape Town and 33/. of pupils from country 
towns believe that the ball will follow a straight line at an 
angle to the radius after being released; 
48% of the pupils from Cape Town and 42/. of pupils from 
country towns believe that the ball will continue along a 
curve after being released. 
7. When we compare the pupils from some of the standards we find 
that: 
the proportion of standard 4 and standard 9 pupils .who do not 
do science and who share similar beliefs are almost the 
same; 
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while similar proportions of standard 4 and 7 pupils share a 
belief that the ball will travel along a curve, the proportion 
of standard 9 science pupils who do so is considerably less; 
standard 9 science pupils preferred a belief that the ball 
will travel along a straight line at an angle to the radius 
after being released; 
41% of standard 9 science pupils and 29% of non-sc~ence pupils 
believe that the ball will travel along a straight line at an 
angle to the radius after being released; 
35% of standard 9 science pupils and 48% of non-science pupils 
believe that the ball will continue along a curve after being 
released. 
8. An examination of .the graph which shows the frequencies with 
which the individual options are selected by the pupils across-
the standards indicates that: 
the proportion ~f pupils who belie~e that the ball will travel 
along a curve gradually detreases to a minimum with the 
standard 9 science group; 
the proportion of ~upils who b~li~ve that the ball will t~avel 
along a straight line at an angle to the radius increased to a 







We used 4 situations to investigate the beliefs which our pupils 
hold about the path along which moving bodies fall. In question 
C6 a rapidly rolling ball falls over the edge of a table while in 
questions Cl and C4 an observer watches another person who is 
moving, drop a ball. We believe that although these situations 
are conceptually very similar, that the perception that a ball 
dropped by a running person appears to move backwards away from 
him, will influence the way these two questions are interpreted 
relative to question C6, in which this perceptual misinformation 
is absent. 
In question C2 an observer standing in a moving vehicle has to 
drop a ball through a hole in the floor of the vehicle. It is 
clear that the same perceptual clues which may suggest that the 
ball should fall backwards are also present here. 
Work done by Whitaker,(1983),(reviewed on p.96 above ) suggests 
that some students believe that a force is required to keep a 
body moving and that when the source of this force is removed the 
body will fall straight down. If the object is initially part of 
a moving system then it will fall behind a point directly below 
it as that point would have moved forward relative to the initial 
position of the .object. What is astonishing about Whitaker's 
results is the relatively small proportion of his sa~ple who 
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believe that the dropped ball will fall behind a horse and rider 
as there are some very strong perceptual clues which suggest that 
the ball is f~lling backwards relative to the rider. It is also 
interesting to note that the proportion of his sample which 
exhibits this belief changed markedly when the the situation used 
is changed. The situations depicted by our questions C1 and C4 
are comparable to his questions involving the galloping horse and 
sailing boat while our question C2 is comparable to his question 
involving a boxcar. 
McKloskey's work into projectile motion was reviewed on p.100 
above. The situation used in our question C6 is comparable to the 
situation used by him in his investigation. 
Halloun and Hestenes's investigation into the initial knowledge 
of college students was reviewed on p. 61 above. Their results 
are comparable 
used college 
to our work on questions C1 and C6, but as they 
students we should compare their results with our 
standard 9 science group. 
Results: 
Before we go into a more detailed discussion of our results we 
are going to present data relative to the investigations 
reviewed. 
On his boxcar problem in which students were asked to decide 
where a bolt which falls freely from the ceiling of a boxcar 
moving at 60 miles per hour, would strike the ground relative to· 
a hole which is immediately below the bolt, Whitaker found that 
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of his sample 40% of students who did not study physics at high 
school and 33% of students who studied physi~s at high school 
thought that the bolt would hit the ground behind the hole in the 
floor. This option is comparable to our own option in C2 of a boy 
standing in front of the hole to release a stone in order ·that it 
may fall through the hole (i.e. option a). We find that 27% of 
the pupils in our whole sample select this option~ Rowe~er, if we 
should further try to equate the samples we must look at our 
standard 9 science and non-science groups, and here we find that 
about 31% of the pupils in each of the two groups select this 
option. This is 1n very good agreement with the reported 
results. 
On his horse and rider · problem in which his students had to 
decide where a ball dropped by the rider would land relative to 
the horse and rider, Whitaker reports that 28% of his science 
pupils and 17% of his non-science pupils believe that the object 
will fall straight down. This question is comparable to our 
questions C1 and C4 which involves a moving child dropping a ball 
or throwing it upwards. We find that 29% of the pupils in our 
whole sample select this option in the situation depicted in our 
C1 while 22% of our standard 9.science and 26% of our non~scienc 
pupils select this option. If one considers that a belief that 
the object will actually fall backwards also suggest that the 
object should land behind the person who has dropped it, then we 
should add to our results the proportion of pupils who select the 
option which suggests that the ball is actually falling backwards 
as well. We now find that 39% of our standard 9 science and 52% 
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of our non-science standard 9 pupils indicate a belief that the 
ball will land behind the running boy. These proportions are 
considerably larger than that reported by Whitaker for his 
galloping horse problem but in line with the results of his 
sailing. boat problem where he has found that 62/. of his 
non-science pupils and 45/. of his science pupils select the 
option which indicate a belief that an object dropped from the 
top of the mast of a moving yacht will fall behind the mast of 
the yacht. On the situation depicted in our C4 we find that 34/. 
of our whole sample select the option which suggests that the 
ball will travel straight up and down. We now find that 29/. of 
the pupils in each of our standard 9 science and non-science 
groups select this option. If we add to this those who select 
options suggesting that the ball will actually move backwards. 
then we find that 64/. of our science and 75/. of our non-science 
group select options which suggest that the ball will land behind 
the girl. 
The situations covered in the work reported by McCloskey is 
covered by our question C6 as well as some of those in question 
Cl. The frequencies reported for our standard 9 science pupils 
as compared to those repo~ted by McCloskey and Halloun, ~re as 
follows: 
Path: 
~ ~ \ r 
McCloskey 5/. 35/. 28/. 32/. 
C6.: 1/. 5/. 63/. 22/. 
Cl.: 3/. 48/. 22% 
Halloun 66/. 
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It is clear from these figures that on some of the findings we 
agree with McCloskey's frequencies but on others not. This is 
especially true for the results reported for the path which 
suggests that the projectile travels along horizontally and then 
slowly starts to curve down until it is falling vertically. On 
the other hand, our results agree very well with that of Halloun 
and Hestenes. 
We find that a high proportion of the pupils in the Cape and even 
higher in Transkei, believe in the situations depicted in C1, C4 
and CS, that the object will fall straight down once it is 
released. As the following graph which compares the frequenoies 
with which pupils in the different standards in schools in the 
Cape select this option shows, this believe is not restricted to 
the pupils in some standards only but ia spread over ~11 the 
standards. 
P~ojectile Motion. 
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It is clear from the graph that pupils in standards 4 and 5 
consider the behaviour of the object in questions C1 and C4 as 
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very similar but different from that of the object in questibn 
C6. Pupils in standard 7 and the standard 9 science group 
consider all three of the situations to be similar while those in 
standard 6 appear to consider all three of the situations as 
being different from each other. There is some evidence here of 
context-dependency of the response. It is interesting that while 
the proportion of pupils in each of the standards who believe 
that the ball will fall straight down decreases to a minimum with 
the standard 9 science pupils, a relatively high proportion of 
the pupils in this group still share this belief. 
We find that the belief that the ball will fall straight down is 
more firmly held by-girls than boys in schools in the Cape. The 
following graph which compares the proportion of boys and girls 
who select the option which suggests that the object will fall 
straight down, shows this very clearly. 
% 
}' .fP.IJ 








Boys vs.Cirls. Straight down. 
~Ut>SiftJP, 
B = Boys. 
C = Ci:rls. 
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On all of the situations presented the pupils from Transkei 
consistently select the option which ~uggests that the object 
will move straight down with a higher frequericy than their 
counterparts in the Cape - this was the favourite option with 
Transkei pupils in every situation. 
The belief that a freely falling object will fall backwards is 
strongly rooted in pupils in schools in the Cape. The following 
graph compares the proportion of pupils in each of the standards 
in the Cape who select options suggesting that the ball will fall 
backwards when released by a moving person. 
This is a particularly interesting pair of curves as the trends 
on them are remarkably similar. It would appear that the 
perceptual clues which suggests. that the ball is falling 
backwards are much stronger in the case of a ball being thrown 
upwards. 
In this case again it would ~ppear that boys and girls in Cape 
schools see the path of falling objects differently. In both 
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c~ses a greater proportion of girls select options which suggest 
that the dropped object will move backwards. The following graph, 
which compares the proportion of boys and girls who select 













Boys vs.Ci~ls. Moving hackwards • 
Cl t¥. 
(lut~slion. 
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G = Gil'ls • 
Our results also indicate that the belief that the dropped ball 
will move backwards is held by a slightly larger proportion of 
Englis~-speaking than Afrikaans-speaking pupils, the difference 
being in the order of 5% •. 
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The one a~pect of the results which we find astonishing is the 
small proportion of pupils in each of the standards which select 
the correct parabolic path for th~ movement of the ball. The 
following graph compares the proportions of pupils in standards 
4, 7 and 9 science group who select the correct option on 
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This graph clearly shows that the cbntext of the question is a 
major factor in determining the proportion of pupils who select 
the correct answer. The .ball being thrown upwards (C4) is clearly 
seen as a very different situation from the ball falling off the 
table.(C6). This one would consider to be a very everyday 
experience for children and although they indicate that more of 
them now know the path, only 63% of the standard 9 science pupil~ 
select it. In each case the proportion of standard 9 science 
pupils who select the correct option is higher than that for the 
other classes, but as the graph shows,. not dramatically so. Our 
pupils truly do not see the world of falling objects through the 
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same glasses as we do! 
The following graph which compares the proportion of boys and 
girls who select the forward parabolic path for the falling balls 
also clearly indicates that there are fairly large differences in 
the way that boys and girls see falling objects. 
P~ojectile Motion. 
Jr ~n Boys vs.Cirls.Forward paraholic path. 
p ""' l1 B = Boys. 
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The belief that the path of the falling ball is parabolic and 
forward is clearly held by a much larger proportion of boys than 
girls. There can be no doubt that pupils in these two groups have 
a very different view of falling objects. 
It .is interesting to speculate on the kind of reasoning which 
leads to the selection of the different paths. McCloskey, Halloun 
and Hestenes identify the following paths as being the result of 
a belief in Impetus theory: 
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Each one of our questions contain some options which, if 
selected, would indicate, in the opinion of the researchers 
quoted above, a belief in Impetus Theory. On question Cl this 
would be options a and d, on question C4 option e and on question 
CS options a,b and c. The following graph compares the overall 
frequency with which these options are selected by the whole , 
sample on the different questions. 
RuestiPn. 
McCloskey ,reports that in the problem in which he asked his 
students to draw the path along which a rapidly moving metal ball 
will fall if it is pushed over the side of a cliff, about 40% of 
his sample select options which indicate a belief in Impetus 
theory. As previously stat~d above, this problem is very similar 
to our question C 6. We find that only 24% of our sample select 
options which indicate a belief in Impetus Theory. The graph also 
clearly shows that the proportion of pupils which select 
"Impetus" options to be dependent on the question asked. 
Questions Cl and C6 are similar in the sense that in both cases 
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the object is moving forward horizontally and these two questions 
elicited a substantially higher proportion of pupils who select 
options which indicate a belief in Impetus theory. It is possible 
that the low frequency with which "Impetus" options are selected 
on question C4 is due to the fact that only one option was given 
which suggests the path associated ~ith this belief. 
The following graph compares the frequencies with which pupils in 
the different standards in Cape schools select "Impetus"· options 










IMpetus options pe~ stand~d • 
" G "'" +.--------~~-~-
The graph clearly illustrates that as far as selecting options 
which indicate.a belief in Impetus theory, the standard 4, 5, 6 
pupils and standard 9 pupils who do not do science see all of the 
situations presented as different from one another. Standard 7, 8 
and 9 pupils see the situations presented in Cl and C6 as similar 
to each other and differen~ from the situation presented in C4. 
We may expect that the situation presented to the pupils by bur 
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question CS will in everyday life present them with no false 
perceptual information about th~ motion of the falling object. We 
may expect that on this question the correct parabolic path will 
~e selected with a higher frequency by pupils in all of the 
standards. We also expect that the perceptual mis-information 
present in the situation presented in C1 to be less misl~ading 
than those present in the more complex situation presente~ in C4 
and we therefore expect that the frequency with which the correct 
option is selected by pupils in the different standards to be 
higher for C1 than for C4 and less than on CS. The following 
graph clearly supports this argument. 
This graph as well as the graph which compares the frequencies 
with which the different standards select "impetus" options both 
indicate that the pupils see the different situations presented 
to them· as different from each other and that the largest 
difference is between CS and ~4 with, as we may expect, Cl 
somewhat similar to both of them. Once again it is clear that the 
responses elicited from the· pupils depend ·on the· situation 
presented and the reason for this is most probably the perceptual 
cues associated with these situations in real life. 
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The sketch shows a boy 
who is running along to 
the right and a girl is 
watching him. Just as he 
passes her he drops a ball 
from his hand. The girl 
sees the ball fall to the 
ground. The sketch which 
best shows the path the 
Question C 1 
girl sees the ball fall along, 
is• .
~ 1 / 
·~ ~ ~ 




The following graph compares. the frequencies with which the 
different options were selected by the whole sample. 
Cl. 
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Note: 
1. 71. of the sample select option a, the option which suggests 
that the ball travels horizontally for a while and then 
suddenly falls vertically. 
2. 29/. of the sample select option b, the . option which suggests 
that the ball falls straight down. 
3. 21/. select option c, the option which suggests that the ball 
will fall backwards away from the per~on who has dropped it. 
4. 10/. of the sample select option d, the option which suggests 
that the ball falls forward but at an angle. 
5. 34/. of the sample select option e, the option which_suggests 
the the ball travels forward and downwards along a ~a~abolic 
path. 
6. 51/. of the sample select options which suggest that the ball 
travels forwards, 21/. that it travels backwards ·and 29/. ,that 
it falls straight down. 
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(b) Comparing the standards: 
1. In the Cape: 
The following graph compares the frequencies with which Cape 
pupils in the different standards select the different options. 
C1 
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1. No single standard finds any one of the options overwhelmingly 
popular. 
2. Option a is unpopular with pupils in all of the standards. 
3. Option b is fairly popular with pupils in all of the standards 
but pupils in standards 4 and 5 and find it the most popular; 
its popularity decreased thereafter. The standa~d 6 pupils 
seem to be a little out of step here as this group does not 
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appear to be supporting this option quite as strongly as an 
extrapolation of the graph would seem to suggest. 
4. Option c receives a fair amount of support from.the pupils in 
all of the standards with the standard 9 science group 
according it the least support. 
5. Option d is no~ p~rticularly popular with pupils in any of the 
classes but the support it receives is consistent across all 
of the standards. 
6. With the exception of th~ standard 4 and 5 pupils, option e is 
the most popular option with pupils in all of the other 
standards. Its popularity reached a maximum with the standard 
9 science pupils. Again here it would seem that the standard 6 
pupils find this option a little "too" popular. 
2 • In Transkei: 
The following graph compares the frequencies with which pupils 
in the different standards at schools in Transkei select the 
different options. 
Cl. 
; U. 11 i Accoll'ding to standa.N. <!l'a.nskei> 
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Note: 
1. No single standard finds any one of the options overwhelmingly 
attractive. 
2. All of the options receive some support from the pupils but 
option d is the least popular with all of the standards. 
3. Option b is very popular with the standard 6 pupils while the 
standard 4 and 5 pupils find option e the most popular. 
(c) Comparing the Cape and Transkei: 
The following graph compares the frequencies with which 
standards 4, 5 and 6 pupils at schools in the Cape and Transkei 
select the different options. 
Cl. 
Cape vs. T:ranskei. · 
c = Cape. 
T :: Tr-anske i , 
(Jpt.ions. 
Note: 
1. Pupils from the two groups select options b, d and e with very 
similar frequencies. 
2. About 32% of the pupils in each of the groups select option 
b. 
3. About 32% of the pupils in each of the groups select option 
e. 
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4. 5% of the pupils in the Cape and 14% of the pupils in Transkei 
select option a. 
5. 23% of the pupils in the Cape and 14% of the pupils in 
Transkei select option c. 
6. About 9% of the pupils in each of the groups select option d. 
(d) Comparing the language groups in the Cape: 
The following graph compares the 
Afrikaans-and-English-speaking pupils 
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1. There is only a relatively small difference in the frequencies 
with which the two groups select option c. 
2. 20% of Afrikaans-and 25% of English-speaking pupils select 
option c 
3. 6% of Afrikaans-and 3% of English-speaking pupils select 
option a. 
4. 26% of the pupils in each.of the two groups select option b. 
5. 10% of the pupils in both groups select option d 
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6. About 37% of the pupils in each of the two groups select 
option e. 
(e) Comparing the sexes: 
1. In the Cape: 
The following graph compares the frequencies with which boys and 
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1. It is clear that the two groups select all of the options with 
appreciably different frequencies. 
2. 4% of the boys and 6% of the girls select option a. 
3. 21% of the boys and 35% of the girls select option b. 
4. 19% of the boys and 26% of the girls select option c. 
5. 13% of the boys and 7% of the girls select option d. 
6. 43% of the boys and 27% of the girls select option e. 
7. 60% of the boys and 40% of the girls select options which 
suggest that the ball will move forward after it has been 
released. 
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2. In Tr-anskei: 
The following gr-aph compar-es the fr-equencies with which boys and 
gir-ls in schools in Tr-anskei select the differ-ent options. 
Note: 
Cl. 
% Boys vs.Cirls. Transkei. 
.'f/1. 8 J F B: Boys. 
~ H.l ~ ~ • G • GiPls. ,. .18.8 
~ ,?/!." . ·. 
; "'"~ J ~ E 
n .I fl. 8 ·x; 
d .J c 
t"';.•tions. "' l' 
1. Ther-e ar-e only small differ-ences in the fr-equencies with which 
pupils in the two gr-oups select most of the options. 
2. 11'l. of the boys and 17'l. of the gir-ls select option a. 
3. 34'l. of the boys and 32'l. of the gir-ls select option b. 
4. 12'l. of the boys and 16'l. of the gir-ls select option c. 
5. 8% of the the pupils in each of the two gr-oups select option 
d. 
6. 35% of the boys and 27% of the gir-ls select option e. 
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(f) Comparing pupils from Town and country areas in the Cape: 
The following graph compares the frequencies with which 
Afrikaans-speaking pupils who attend schools in Cape Town and 
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1. There are clearly no noteworthy differences in the frequencies 
with which pupils fro~ these two groups select the different 
options. 
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(g) Comparing some of the standards: 
1. Standard 4 and standard 9 non-science pupils: 
The following graph compares the frequencies with which standard 
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Note: 
1. There are large difference~ in the frequencies with which the 
pupils in the two groups select options b and c. 
2. 37% of the standard 4 and 26% of the standard 9 pupils select 
option b 
3. 20% of the standard 4 and 26% of the standard 9 pupils select 
option c. 
4. About 30% of the pupils in each of the two groups select 
option e. 
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2. Standard 4, 7 and 9 science pupils: 
The following graph compares the frequencies with which standard 
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1. There is a dec~ease in the frequencies with which option b is 
selected by the pupils from standard 4 through to standard 9. 
2. There is very small variation in the frequencies with which 
the pupils in the different standards select options a, c and 
d. 
3. There is an increase in the frequencies with which option e is 
selected by the pupils from standard 4 through to standard 9. 
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3. Standard 9 science and non-science pupils: 
The following graph compares 
9 pupils who do and who do 
different options. 
the frequencies with which standard 
not.do science at school select the 
Cl. 
•.r Std.9. Science vs.Hon-science. ;> 
.f"l/," S = Science.· .r U.D Hs = no-science .Jf 









1. There are fairly large differences in the frequencies with 
which the pupils in the two groups select options a, b ,· c and 
e. 
2. 3% of science and 7% of non-science pupils select option a. 
3. 22% of science and 26% of non-science pupils select option b. 
4. 17% of science and 26% of non-science pupils select option c. 
5. 48% of science and 30% of non-science pupils select option e. 
6. Option d is selected by 11% of the pupils in each of the two 
groups. 
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(h) Selection of individual options: 
The following graph shows how the individual options are selected 
across the different standards. 
C1 
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1. There is a small peak in the selection of option e over the 
standard 6 group and a corresponding minimum in the frequency 
of selection of option b by the same group. 
2. Options a, c and d are selected with relative constancy. 
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Summary: 
1. When we examine the overall picture, we find that: 
2. 
21% of the pupils in our whole sample believe that the ball 
would fall backwards away from the boy after he has released 
it; 
29% of the pupils in our sample believe that the ball would 
fall straight down after the boy has released it; 
51% of the pupils in our sample believe. that the ball would 
travel forwards after release; 
34% of the pupils in our sample believe tha·t the ball would 
travel forwards on a parabolic path; 
7% of the pupils in our sample believe that the ball would 




examine the frequencies 
standards in schools 
with which pupils in 
in the Cape · select 
the 
the 
different options, we find that: 
the belief that the ball will first travel horizontally and 
then vertically is not popular with any of 
it receives small but consistent support 
standards; 
the standards but 
from all of the 
the majority of pupils in standards 4 and 5 believe that the 
ball will fall straight down. This is a popular belief with 
pupils in all of the standards but it decreased in popularity 
across the standards. 
the belief that the ball will fall backwards is held by a 
fairly large proportion of pupils in all of the standards, the 
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standard 9 science group being the group which held this 
belief less widely than any of the other; 
a small but consistent proportion of the pupils in all of the 
standards believe that the ball will travel forward but at an 
angle to the ground; 
with the exception of standard 4 and 5 pupils the majority of 
pupils in the other standards believe that the ball will 
follow a parabolic path on its way to the ground. This belief 
increased in popularity across the standards to a maximum with 
the standard 9 science pupils. 
there is some evidence that the standard 6 pupils, when 
compared to the pupils in standard 4, 5 and 7, may be behaving 
a little differently from what might be expected. 
In Transkei we find that: 
no one of the individual options is overwhelmingly popular. 
The pupils were divided between all of the different options 
with options b and e being the most popular. 
the majority of standard 6 pupils believe that the ball will 
fall straight down; 
the majority of standards 4 and 5 pupils believe that the ball 
will follow a parabolic path to the ground. 
3. When we compare pupils from the Cape and Transkei we find 
that: 
32% of the pupils in each of the two 
ball will fall straight down; 
32% of the pupils in each of the two 
groups believe that the 
groups believe that the 
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ball will fall along a parabolic path; 
23% of pupils in the Cape and 14% of the pupils in Transkei 
believe that the ball will fall backwards. 
4. When we compare Afrikaans-and-English-speaking pupils in 
schools in the Cape we find that: 
20% of Afrikaans-and 25% of English-speaking pupils believe 
that the ball will fall backwards; 
26% of the pupils in each of the groups believe that the ball 
will fall straight down 
37% of the pupils in each of the two groups believe that the 
ball will fall along a parabolic path. 
5. When we compare boys and girls in schools in the Cape we find 
that: 
21% of the boys and 35% of the girls believe that the ball 
will fall straight down; 
19% of the boys and 26% of the girls believe that the ball 
will fall backwards; 
43% of the boys and 27% of the girls.believe that ·the ball 
will fall along a parabolic path; 
60% of the boys and 40% of the girls believe that the ball 
will travel forwards after it had been released. 
In Transkei we find that: 
12% of the boys and 16% of the girls believe that the ball 
will travel backwards; 
35% of the boys and 26% of the girls believe that ,it will 
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travel on a parabolic path. 
6. When we compare Afrikaans-speaking pupils attending schools in 
Cape Town and country towns we find that there is no 
appreciable difference in the proportion of pupils in the two 
groups who select the different options. 
7. When we compare pupils in some of the standards we find that: 
37% of standard 4 and 26% of standard 9 pupils who do not do 
science believe that the ball will fall straig~t down; 
20% of the standard 4 and 26% of the standard 9 pupils believe 
that the ball will fall backwards; 
30% of the pupils in the two groups believe 'that the ball will 
fall along a parabolic path. 
the proportion of pupils who believe that the ball will fall 
straight down decreases across the standards from standard 4 
through to the standard 9 science pupils; 
the proportion of pupils who believe that the ball will fall 
along a parabolic path increases across the standards from 
standard 4 through to the standard 9 science pupils; 
22% of standard 9 pupils who do science and 26% of the pupils 
who do not do science believe that the ball will fall straight 
down; 
17% of th& science pupils and 26% of the non-science pupils 
believe that the ball will fall backwards; 
48% of the science and 30% of the non-science pupils believe 
that the ball will fall along a parabolic path; 
62% of the science and 48% of the non-science pupils believe 
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that the ball will travel forward. 
8. An examination of the curve which compares the selection of 
similar options shows that: 
option e is in general the most popular option ~ith all of the 
standards, the standard 4 group being an exception; 
options a, d and e are selected by very consistent proportions 
of the pupils in each of the standards. 
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The sketch shows a boy who is standing in the back of an enclosed 
truck. The truck is moving towards the right at constant speed. 
There is a hole in the floor of the truck and the boy wants to 
drop a stone through the hole. The sketch which best shows where 
he must stand to allow the stone to drop from his hand through 
the hole is: 
(a) (c) 
(a) (b) (c) 
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(a) The overall picture: 
The following graph compares the frequencies with .which the 
pupils in the whole sample select the different options. 
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1. 27% of the pupils in the whole sample select option a, the 
option which suggests that the boy has to stand in front of 
the hole. 
2. 62% of the pupils select option b, the option which suggests 
that the boy has to stand over the hole. 
3. 11% of the pupils select option c, the option which suggests 
that the boy has to stand behind the hole. 
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(b) According to standard: 
1. In the Cape: 
The following graph compares the frequencies with which Cape 
pupils in the different standards select the different options. 
C2 
















IIIII Std.Q Ns 
c 
- Std.7 
1 Option b is the favourite option of the pupils in all of the 
standards. It is particularly so with the pupils in standards 
4, 5 and 9. 
2. Option a is selected by a fair proportion of pupils in all of 
the standards especially those in standard 6 and 8. 
3. Option c is selected by a small but. consistent proportion of 
the pupils in all of the standards. 
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., ' 
2. In Transke i: 
The following graph compares the frequencies with which pupils 






























1. Pupils in standards 4 and 5 overwhelmingly select option b. 
It is not as popular with pupils in standard 6. 
2. Of the pupils of all of the different standards who select 
option a, those in standard 6 found it the most attractive. 
3. Option c is selected by a small but fairly consistent 
proportion of the pupils in the different standards. 
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(c) Compar-ing the Cape and Tr-anskei: 
The following gr-aph compar-es 
in standar-ds 4, 5 and 6 in 












Cape vs. T:rans:ke i . 
.'i 
the fr-equencies with 
schools in the Cape 
c = Cape. 
T = T:ranskei • 
Question C 2 
which pupi 1 s 
and Tr-anskei 
1. Pupils fr-om the two gr-oups differ- in the fr-equencies with 
which they select options a and b. 
2. 29'l. of pupils fr-om the Cape and 14'l. of pupils fr-om Tr-anskei 
select option a. 
3. 61'l. of pupils fr-om the Cape and 74'l. of pupils fr-om Tr-anskei 
select option b. 
4. About 11'l. of the pupils in each df the g~oups select option 
c. 
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(d) Comparing the language groups in the Cap•• 
frequencies The following graph compares the 
Afrikaans-and-English-speaking pupils 
select the different options. 

















Afrikaans vs.English.Cape • 
.~ 
A E A = Afrikaans. 
.b 
tJplions. 
E = English • 
.c 
1. There are astonishingly small differences in the frequencies 
with which pupils in the two groups select the different 
options. 
/ 
2. 31/. of the pupils select option a. 
3. 58% of the pupils select option b. 
4. 11/. of the pupils select option c. 
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(e) Comparing the sexes: 
1. In the Cape: 
The following graph compares the frequencies with which boys and 




Boys vs.Cirls.Cape • 










1. There are differences in the frequencies with which pupils 
from the two groups select the different options. 
2. 36% of the boys and 24% of the girls select option a. 
3. 58% of the boys and 61% of the girls select option b. 
4. 7% of the boys and 15% of the girls select option c. 
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2. In Transke i: 
The following graph compares the frequencies with which boys and 





B = Boys. f ?11,8 G = Gil-ls. 
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Jl "'" il ; c 
vptions. 
Note: 
1. There are no noteworthy differences in the frequencies with 
which the pupils in these two groups select the different 
options. 
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(f) Comparing pupils from Town and eountry areas in the Cape: 
The following graph compares the frequencies 
Afrikaans-speaking pupils at schools in Cape Town 




















Town vs.CountFY.Af~ikaans . 
()p t .Jiln.:r, 
T = Cape Town • 
C = countFY • 
with which 
and country 
1. There are no noteworthy differences in the frequencies with 
which pupils .from these two groups select the different 
.options. 
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(g) Comparing some standards: 
1. Standard 4 and standard 9 non-science pupils: 
The following graph compares the frequencies with whitih standard 




A' Std.4 vs.Std.9 non-science. 
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c 
4 = Std.4. 
9 = Std.9. 
1. There are small differences in the frequencies with which the 
pupils in these two groups select options a and b. 
2. 25% of standard 4 and 30% of standard 9 pupils select option 
a. 
3. 64% of standard 4 and 60% of standard 9 pupils select option 
b. 
562 
Chapter 11 Projectile motion Question C 2 








the frequencies with which 




Std.4, 7 and 9 science. 
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1. There is a small increase in the frequencies with which the 
pupils in the different standards select option a from 
standard 4 through to standard 9. 
2. There is very little difference in the frequencies with which 
the pupils select option b and c. 
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3. Standard 9 science and non-science pupils: 
The following graph compares the frequencies with which standard 
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1. There is no noteworthy difference in the frequencies with 
which the pupil~ in these two groups select the d~fferent 
options. 
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(h) Selection of individual options: 
The following graph shows how the individual options are selected 
across the different standards. 
C2 








Std.4 Std.5 Std.6 Std.? Std.8 Std.Q S Std.Q Ns 
Standard 
- Option a -I- Option b ......_ Option c 
Note: 
1. There are minima in the frequencies of selection of option b 
over standards 6 and 8 with corresponding_maxima in the 
frequencies of selection of option a over standard 6 and 8. 
2. There is small but consistent support for option c by pupils 
in all of the standards. 
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· Summary• 
1. When we examine the overall picture we find that: 
27% of the pupils in the whole sa~ple believe that the boy 
should stand in front of the hole; 
62% of the pupils believe that he should stand over the hole; 
11% of the pupils believe that he should stand behind the 
hole. 
2. When we . compare the frequencies with which pupils in the 
different standards in schools 
different options we find that: 
in the Cape select the 
the majority of the pupils in each of the different standards 
believe that the boy should stand over the hole. This belief 
is especially strong with pupils in standards 4, 5 and 9. 
a fair proportion of pupils in .all of the different standards 
believe that the boy should stand in front of the hole. This 
idea is especially popular with pupils in standard 6 and 8. 
a small but consistent pr6portion of the pupils in all the 
different standards believe that he should stand beh~nd -the 
hole. 
In Transkei we find that: 
pupils in standards 4 and 5 overwhelmingly believe that ~he· 
boy should stand over the hole. This belief is also the most 
popular with the standard 6 pupils but they also find the idea 
that the boy should stand in front of the hole fairly 
attractive. 
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3. When we compare pupils in standar~s 4, 5 and 6 in schools in 
the Cape and Transkei, we find that: 
29% of the pupils from the Cape and 14% of the pupils from 
Transkei believe that the boy should stand 
hole; 
in front of the 
61% of the pupils from the Cape and 74% of the pupils from 
Transkei believe that he should stand over the hole. 
4. When we compare Afrikaans-and-English-speaking pupils we find 
that there were no notable differences in the frequencies with 
which they select the different options; 
31% of the pupils believe that the boy should stand in front 
of the hole; 
58% believe that he should stand over the hole; 
11% believe that he should stand behind the hole. 
5. When we compare boys and girls in schools in the Cape we find 
that: 
36% of the boys and 24% of the girls believe the boy should 
stand in front of the hole; 
58% of the boys and 61% of the girls believe that the should 
stand over the hole; 
7% of the boys and 15% of the girls believe that he should 
stand behind the hole. 
In Transkei we find no notable differences in the frequencies 
with which boys and girls select the different options. 
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6. When we compar-e the fr-equencies with which Afr-ikaans-speaking 
pupils attending schools in Cape Town and in countr-y towns 
select the differ-ent options we find no appr-eciable 
differ-ences between the two gr-oups. 
7. When we compar-e some of the standar-ds we find that 
ther-e is a small incr-ease fr-om standar-d 4 thr-ough .to standar-d 
9 in the pr-opor-tion of pupils who believe that the boy should 
stand in fr-ont of the hole; 
the belief that the boy should stand over- the hole is held by 
appr-oximate 1 y the same pr-opor-tion of standar-d , 4, 
science and non-science pupils. 
7 and 9 
8 A compar-ison of the fr-equencies with which the individual 
options ar-e selected acr-oss all of the standar-ds clear-ly show 
the slightly "out of step" behaviour- of the standar-d 6 and 8 
pupils. 
568 
Question C 4 
The sketch shows a girl 
running towards the right 
past a boy. Just as she 
passes him, she throws 
a ball vertically upwards. 
The sketch which best shows 
the path which the hQy sees 
the ball travel along, is: 
I 1\ /\ 






Chapter 11 Projectile motion Question C 4 
(a) The overall picture: 
The following graph compares the frequencies with which the 














.~ .b c d p 
'1pfftJns. 
Note: 
1. 34% of the pupils in the sample select option a, the option 
which suggests that the ball goes straight up and down. 
2. 15% of the pupils select option b, the option which suggests 
that the ball goes upwards and back at an angle and th~n down 
at an angle. 
3. 21% of the pupils select option c, the option which suggests 
that the ball goes up and forward along a parabolic path. 
4. 23% of the pupils select option d, the option which suggests 
that the ball goes upwards and backwards along a parabolic 
path. 
5. 8% of the pupils select option e, the option which suggests 
that the ball goes upwards and forwards at an angle and then 
downwards at an angle. 
6. 29% of the pupils select options which suggest that the ball 
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will travel forwards. 
7. 38% of the pupils select options which suggest that the ball. 
will travel backwards. 
(b) According to standard: 
1 . In the Cape : 
.The following graph compares the frequencies with which Cape 
pupils in the different standards select the different options. 
C4 














CJ Std.Q S 
c d e 
Options 
1=:=:=:=:=:=:1 Std.6 - Std.7 
111111111 Std.Q Ns 
1. There is no one option which is overwhelmingly selected by the 
pupils in any one of the standards. 
2. Option a is quite popular with pupils in all of the stan.dards, 
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and especially so ~ith pupils in standards 4, 5, 6, 7 and 8. 
3. Option b is relatively popular· with pupils in siandards 4, 5, 
6 and 7 but not ~ith pupils in stand~rds 8 and 9. 
4. Opti6n c is the most popular option for pupils in the standard 
9 science group and the standard 8 pupils also find it 
reasonably attractive. 
5. When compared to those in standard 4 ther~ is a: slight 
increase in the frequencies ~ith ~hich option d is selected by 
pupils in the higher standards. This is the most popular 
option ~ith standard 8 and 9 non-science pupils. 
6. Option e is the least popular option but it is consistently 
selected by pupils in the different standards. 
2. ·In Transkei: 
The follo~ing graph compares the frequencies with ~hich pupils 















1. Option a is over~helmingly selected by pupils in all of the 
standards. It is the special favourite of the standard 4 
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pupils. 
2. The other options are s~lected by approximately the same 
proportion of pupils in the different standards. 
(c) Comparing the Cape and Transkei: 
The following graph compares the 
standards 4, 5 and 6 pupils in schools 
select the different options. 
frequencies with which 
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1. There are large differences in the frequencies with which the 
pupils in the two groups select options a, b, .c and d. 
2. 30'l. of Cape and 57'l. of Transkei pupils select option a. This 
is the most popular option with the pupils in both groups. 
3. 18% of pupils in the Cape and 13'l. of pupils in Transkei select 
option b. 
4. 21'l. of pupils in the Cape and 12'l. of pupils in Transkei select 
option c 
5. 24'l. of pupils in the Cape and 12% of pupils in Transkei select 
option d. 
6. 7'l. of the pupils in both groups select option e. 
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(d) Comparing the language groups in the Cape: 
The following graph compares the 
Afrikaans-and-English-speakin~ pupils 
select the different options. 
C4. 
J( At~ikaans vs.Englisb.Cape. 
frequencies 
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1. The only noteworthy differences in the way these two groups 
select the different option lie in the small differences in 
the frequencies with which they select options c and d. 
2~ 25X of Afrikaans-and 22X of English-speaking pupils select 
option c. 
3. 24X of Afrikaans-and 29X of English-speaking pupils s~l~ct 
option d. 
4. 28X of the pupils in both groups select option a. 
5. 15X of the pupils in both groups select option b. 
6. about 7X of the pupils in both groups select option d. 
7. 38X of Afrikaans-and 44X of English-speaking pupils select 
options which suggest that the ball will move backwards. 
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(e) Comparing the sexes: 
1. In the Cape. 
The following graph compares the frequencies with which boys and 
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1. There are small differences in the frequencies with which 
pupils in the two groups select option a and d but large 
differences in the frequencies with which they select options 
b and c. 
2. 26% of the boys and 31% of the girls selBct option a. 
3. 9% of the boys and 22% of the girls select option b. 
4. 33% of the boys and 13'% of the girls select option c. 
5. 27'% of the boys and 24'% of the girls select option d. 
6. 6% of the boys and 10% of the girls select option e. 
7. 36'% of the boys and 46% .of the girls select options which 
suggest that the ball will move backwards. 
8. 39% of the boys and 23% of the girls select options which 
s~ggest that the ball will move forward. 
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2. In Transkej: 
The following graph compares the frequencies with which boys and 
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1. There are only small differences in the frequencies with which . 
pupils in the two groups select options a, b, c and d. 
2. 54% of the boys and 60% of the girls select option a. 
3. 8% of the boys and 16% of the girls select option b. 
4. 16% of the boys and 8% of the ·girls select option c. 
5. 16% of the boys and 9% of the girls select option d. 
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(g) Comparing pupils from Town and country areas in the Cape: 
The following graph compares the frequencies with which 
Afrikaans-speaking pupils attending schools in £ape Town and 


















T = Cape Tow • 
C = country. 
1. There were no noteworthy differences in the frequencies with 
which the pupils in the two groups select the different 
options 
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(h) Comparing some standards: 
1. Standard 4 and 9 non-science pupil~: 
The following graph compares the frequencies with which-standard 






Std.4 vs.Std.9 non-science. 
t).>l.iuns. 
4 : Std.4. 
9 : Std.9. 
1. There are appreciable differences in the frequencies with 
which pupils in the two groups select options a and d .. 
2. 32% of_ standard 4 and 23% of standard 9 pupils select option 
a. 
3. 21% of standard 4 and 28% of standard 9 pupils select option 
d. 
4. 40% of standard 4 and 48% of standard 9 pupils select options 
which suggest that the ball will move backwards. 
578 
Chapter- 11 Pr-ojectile motion Question C 4 









the fr-equencies with which 
pupils select the differ-ent 
C4. 





1. Ther-e is a decrease in the fr-equencies with which option a is 
s~lected by the pupils fr-om ~tandar-d 4 thr-ough to standar-d 9. 
2. Ther-e is a decr-ease in the fr-equencies with which option b is 
selected fr-om standar-d 4 thr-ough to standar-d 9. 
3. The standdr-d 9 science gr-oup select option c with a r-elatively 
high fr-equency. 
4. About the same pr-oportion of pupils in each of the standar-ds 
select option d. 
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3. Standard 9 science and non-science pupils: 
The following graph compares the frequencies· with which standard 
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1. There are clearly large differences in the frequencies with 
which pupils in the two groups select options b, c and e. 
2. 9/. of science and 20/. of non-science pupils select option b. 
3. 38/. of science and 191. of non~science pupils select option 
c. 
4. 51. of science and 11/. of non-science pupils select option e. 
5. 29/. of the pupils from both groups select option a. 
6. About 26/. of the pupils in both groups select option d. 
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(h) Selection of individual options: 
The following graph shows the frequencies of selection of the 
individual options across the different standards 
C4 








-*- Option e 
Std.5 Std. a· Std. 7 Std.8 Std.9 S Std.9 Ns 
Standard 
-+- Option b __._ Option c -a- Option d 
Note: 
1 No one option is clearly the most popular option with pupils 
in all of the groups. 
2. There is a decrease in the frequencies with which option b is 
selected across the standards to a minimum with the standard 9 
science group. 
3. There is a gradual increase in the frequencies with which 
option d is selected. It would appear that this is at the 
expense of option b. It looks as if an awareness that the path 
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is parabolic is more prevalent among pupils in the higher 
standards. 
4. There is a gradual decrease in the popularity of option a. 
Summary:· 
1. When we examine the overall picture we find ~hat: 
34% of the pupils believe that the ball will travel straight 
up and down along the same path; 
21% of the pupils believe that the ball will travel up, 
forward and down along a parabolic path; 
23% of the pupils believe that the ball will travel up, 
backwards and down along a parabolic path; 
29% of the pupils believe that the ball will travel forward; 
38% of the 
backwards. 
pupils believe that the ball will travel 
2. When we compare the frequencies with which the pupils in the 
different standards in schools 
different options, we find that: 
in the Cape select the 
pupils in no particular standard believe overwhelmingly in any 
one of the options portrayed; 
a fairly large proportion of pupils in standard 4, 5, 6, 7 and 
8 believe that the ball will travel straight up and down along 
the same path; 
the majority of pupils in the standard 9 science group believe 
that the ball will travel upward, forward and down along a 
parabolic path; 
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the majority of standard 8 and a large proportion of the 
standard 9 non-science pupils believe that the ball will 
travel upwards,~ backwards and down along a parabolic path. 
In Transkei we find that the pupils in each of the standards 
overwhelmingly believe that the ball will travel straight up 
and down along the same path. This belief is especially 
prevalent amongst standard 4 pupils. 
The other beliefs are all present in approximately the same 
rather small proportion. 
3. When we compare standards 4, 5 and 6 pupils in schools in the 
Cape and Transkei we find that: 
30% of the pupils in the Cape and 57% of the pupils in 
Transkei believe that the ball will travel straight up and 
down along the same path. This is the favoured belief of the 
majority of pupils in each of the two groups but while it is 
overwhelmingly popular amongst pupils in schools in Tran~kei 
it is not so amongst pupils in schools in the Cape. 
21% of the pu~ls·in Cape schools and· 12% of the pupils in 
Transkei schools believe that the ball will travel upward, 
forward and down along a parabolic path; 
24% of pupils in Cape and 12% of pupils in Transkei believe 
that the ball will travel upward, backward and down along a 
parabolic path. 
4. When we compare Afrikaans-and-English-speaking pupils at 
schools in the Cape we find that: 
28% of the pupils in each of the groups believe that the ball 
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will travel straight up and down along the same path; 
38% of Afrikaans-and 44% of English-speaking pupils believe 
that the ball will travel backwards; 
25% of Afrikaans-and 22% of English-speaking pupils believe 
that the ball will travel upwards, forwards and down along a 
parabolic path; 
24% of Afrikaa'fls-and 29% of English-speaking pupils believe 
that the ball will travel upwards, backwards and down along a 
parabolic path. 
5. When we bompare boys and girls in schools in the Cape we find 
that: 
26% of the boys and 31% of the girls believe that the ball 
will travel straight up and down along the same path; 
36% of the boys and 46% of the girls believe that . the ball 
will travel backwa:::-ds; 
39% of the boys and 23% of the girls believe that the ball 
will travel forwards; 
33% of the boys and 13% of the girls believe that the ball 
will travel upwards, forwards . and down along a parabolic 
path; 
27% of the boys and 24% of the girls believe that the ball 
will travel upwards, backwards and down along a parabolic 
path; 
9% of the boys and 22% of the girls believe that the ball will 
travel backwards,upwards and down in straight lines at an 
angle to each other. 
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In Transkei we find that both boys and girls overwhelmingly 
believe that the ball will travel straight up and down along 
the same path. The other beliefs are held with a low 
frequencies by the pupils from the two groups and there are 
differences between the proportion of boys and girls who share 
a similar belief. 
6. When we compare Afrikaans-speaking pupils attending schools in 
Cape Town and country towns we find that the proportion of 
pupils who share similar beliefs in each of the two groups do 
not differ appreciably. 
7. When we compare pupils in some of the standards we find that: 
32% of standard 4 and 23% of standard 9 non-science pupils 
believe that the ball will travel straight up and down along 
the same path; 
40% of standard 4 and 48% of standard 9 non-science pupils 
believe that the ball will travel backwards with 21% of 
standard 4 and 28% of standard 9 non-science pupils believing 
that it will do so along a parabolic path; 
the proportion of pupils in the standards 4, 7 and 9 science 
group who believe that the ball will travel straight up and 
down along the same path, decreased form standard 4 through to 
the standard 9 pupils; 
in these three groups_approximately the same proportion of 
pupils share the belief that the ball will travel backwards 
along a parabolic path; 
29% of standard 9 science and non-science pupils believe that 
the ball will travel straight up and down along the same 
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path; 
26% of standard 9 science and non-science pupils believe that 
the ball will travel backwards along a parabolic path; 
38% of standard 9 science pupils and 19% of non-science pupils 
believe that the ball will travel forwards along a parabolic 
path; 
considerably smaller proportions of standard 9 science·pupils 
than non-science pupils share some of the more "weird" beliefs 
about the motion of the ball. 
8. An examination of the graph which shows how the individual 
options are selected by the different standards reveals that: 
the belief that the ball will travel straight up and down 
along the same path became less popular with pupils in the 
higher standards but is none the less widely held; ' 
the belief that the ball will travel backwards ~lbng a 
parabolic path gradually increases across the standards at the 
expense of the other backward path. This belief is widely held 
by the pupils in the higher standards. 
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The sketch shows a ball 
~olling ~apidly ac~oss 
a table in the direction 
as shown. It falls ove~ 
Question C 6 
the edge. The path it will 
t~avel along on its way to 
the g~ound, is best shown as: 
n D u 
(a) (b) ( t) 
--







The following g~aph compa~es the f~equencies with which the 
pupils in ou~ whole sample select the different options. 
C6. 
% .......... j Ove:rall. .1" 










.i .A c d I!' 
{JJ.'Iions. 
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Note: 
1. 14% of the pupils in the whole sample select option a, the 
option which suggests that the ball will fall along a s~raight 
line at an angle to the ground. 
2. 3% of the pupils select option b, the option which suggests 
that the ball will move off the table horizontally· and 
parallel to the ground and then at the end of its horizontal 
flight, fall vertically downwards. 
3. 8% of the pupils select option c, the option which suggests 
that the ball continues along a horizontal path and then curve 
downwards to eventually fall vertically. 
4. 30% of the pupils believe th~t the ball will fall vertically 
downwards. 
5. 45% of the pupils believe that the ball will fall along a 
parabolic path. 
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(b) According to standard: 
1. In the Cape: 
The following graph compares the frequencies with which Cape 
pupils in the different standards select the different options. 
C6 
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1. Option e is the favourite option of the pupils in all of the 
standards. Its popularity increases with the pupils in the 
higher standards except for the standard 9 non-science group. 
2. Option d is fairly popular with pupils in all of the standards 
but especially so with the pupils in standards 6, 7 and 9 
non-science. 
3. Options a and c receive small but consistent support from the 
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pupils in all of the standards. 
4. Option b receives very small but consistent support from the 
pupils in all of the standards. 
2. In Transkei: 
The following graph compares the frequencies with which pupils 
in the different standards in schools in Transkei select the 
different options. 
C6. 
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1. Option d is the favourite with pupils in all of the 
standards. 
2. Options a and e receive fair support from the pupils in all of 
the standards. The frequencies with which option a is selected 
increase across the standards. Pupils in standard 5 find 
option e fairly attractive. 
3. Options b and c are selected by a small proportion of pupils 
in each of the standards. 
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(c) Comparing the Cape and Transkei: 
The following graph compares the frequencies with which 
standards 4, 5 and 6 pupils in schools in the Cape and Transkei 
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1. There are fairly large differences in the frequencies with 
which pupils in the two groups select options a, d and e. 
2. 15% of the pupils in the Cape and 22% of the pupils in 
Transkei select option a. 
3. 28% of pupils in the Cape and 45% of pupils in Transkei select 
option d. 
4. 48% of pupils in the Cape and 19% of pupi.ls in Transkei select 
option e. 
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(d) Comparing the language groups in the Cape=. 
The following graph compares the 
Afrikaans-and-English-speaking pupils 
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1. There are only small differences in the frequencies with which 
pupils in the two groups select options d and e. 
2. 25% of Afrikaans-and 29% of English-speaking pupils select 
option d. 
3. 56% of Afrikaans-and 51% of English-speaking pUpils select 
option e. 
4. 11% of the pupils in each of the groups select opti6n a. 
5. 1% of the pupils in each of the groups select option b. 
4. 7% of the pupils in each of the groups select option c. 
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(e) Comparing the sexes: 
1 . In the Cape : 
The following graph compares the frequencies with which boys and 
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1. There are large differences in the frequencies with which 
pupils in the two groups select options a, d and e. 
2. 8% of the boys and 16% of the girls select option a. 
3. 14% of the boys and 39% of the girls select option d. 
4. 69%. of the boys and 35% of the girls select option e. 
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2. In Transkei: 
The following graph compares the frequencies with which boys and 
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1. There ar-e only small differences in the frequencies with which 
pupils in the two groups select options a, d and e. 
2. 20'l. of the boys and 23'l. of the girls select option a. 
3. 49'l. of the boys and 42'l. uf the girls select option d. 
4. 18'l. of the boys and 21'l. of the girls select option e.· 
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(f) Comparing pupils from Town and country areas in the Cape: 
The following graph compares the frequencies with which 
Afrikaans-speaking pupils attending schools in Cape Town and 
country towns select the differgnt options. 
C6. ,, Town vs. Country .Afrikaans, A 
lf/l, 11 












1. There are no noteworthy differences in the frequencies with 
which the pupils in the two groups select the different 
options. 
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(g) Compa~in; •om• •tanda~d•: 
1. Standard 4 and standard 9 non-science pupils: 
The following graph compares the frequencies with which standard 
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1. There are 
pupils in 
2. 25/. of the 
option d. 
3. 511. of the 
option e. 
C6. 




4 = Std.4. 
9 = Std.9 . 
in the frequencies with which 
the two groups select option~ d and e. 
standard 4 and 31/. of the standard 9 pupils select 
standard 4 and 44/. of the standard 9 pupils select 
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Std.4, 7 and 9 science. 
4 = Std.4. 
7 = Std.?. 
9 = Std.9 . 
the frequencies with which 
pupils select the different 
1. There is a decrease in the frequencies ·with which option a is 
selected by the pupils from standard 4 through to standard 9. 
2. Option c is selected by a small but consistent proportion of 
pupils in each of the standards. 
3. There is an increase in the frequencies with which pupils in 
the different standards select option :e from standard 4 
through to standard 9. 
4. Option d is fairly popular with pupils ·in all three of the 
standards and particularly with pupils in standard 7. 
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3. Standard 9 science and non~science pupils: 
The following graph compares ·the frequencies with which standard 
9 pupils who do and who do not do science select the different 
options. 
C6. 
Std.9. Science vs.Hon-science. 
S = Science. 
Hs = non-science. 
t1pf.ions. 
Note: 
1. There are diffetences in the frequencies with which the pupils 
select options c, d and e. 
2. 5% of science and 10% of non-science pupils select option c. 
3. 22% of science and 31% of non-science pupils select option d. 
4. 63% of science and 54% of non-science pupils select option e. 
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(h) Selection of individual options: 
The following graph shows the frequencies with which the 

















~ Option e 
: 
Std.5 Std.6 Std.7 Std.8 Std. 9 S Std. 9 Ns 
Standard 
-+- Option b -+- Option c --&- Option d 
1. There is a minimum in the curve for the choice of option e 
over the standard 6 group and a corresponding maximum in the 
curve for option d by the same standard. 
2. There is an increase in the popularity of option e from 
standard 6 through to the standard 9 science group. There is a 
decrease in the popularity of this option from standard 4 to 
standard 6. 
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4. There is an increase in the frequencies of selection of option 
d from standard 4 through to standard 6 followed by a decrease 
in its popularity to a minimum with standard 9 science 
pupils. 
Summary: 
1. When we examine the overall picture we find that: 
2. 
45% of the pupils .believe that the ball will 
parabolic path; 
follow a 
30% of the pupils believe that the ball will fall straight 
down; 
14% of the pupils believe that the ball will follow a path 
which is inclined at an angle to the horizontal; 
8% of the pupils believe that the ball initially travels in a 
straight horizontal line and then curves down until it falls 
vertically; 
3/. of the pupils believe that the ball will 
horizontally and then fall vertically. 
t~avel out 
When we compare the frequencies with which pupils in the 
different standards in Cape schools select the different 
options we find that: 
the majority of the pupils in all of the standa~ds believe 
that the ball will follow a parabolic path; 
a fai~ly large proportion of pupils in all of the standards 
and especially in standards 6, 7 and 9 non-science group, 
believe that the ball will fall straight down; 
the other beliefs illustrated only receive small support from 
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the pupils in the different standards. 
In Transkei we find that: 
the majority of the pupils in each of the standards believe 
that the ball will fall straight down; 
there i~ some supp6rt for all of the different beliefs 
illustrated by pupils in all of the standards. 
3. When we compare standards 4, 5 and 6 pupils at schools in the 
Cape and Transkei we find that: 
15/. of the pupils in the Cape and 22/. of the pupils in 
Transkei believe that the ball will fall at an angle to the 
ground; 
28/. of pupils in the Cape and 45/. of pupils in Transkei 
believe that the ball will fall straight down; 
48/. of pupils in the Cape and 19/. of pupils in Transkei 
believe that the ball will follow a p~rabolic path. 
4. When we compare Afrikaans-and English-speaking pupils we find 
that: 
25/. of Afrikaans-and 29/. of English-speaking pupils believe 
that the ball will fall straight down; 
56/. of Afrikaans-and 51/. of English-speaking pupils believe 
that the ball will follow a parabolic path:. 
5. When we compare boys and girls at schools in the Cape we find 
that: 
8/. of the boys and 16/. of the girls believe that the ball will 
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fall at an angle to the g~ound; 
14/. of the boys and 39/. of the gi~ls believe that the ball 
will fall st~aight down; 
69/. of the boys and 35/. of the gi~ls believe that the ball 
will follow a pa~abolic path. 
In T~anskei we find that the belief that the ball will fall 
st~aight down to be the p~edominant one, with 42/. of the boys 
and 49/. of the gi~ls sha~ing this belie1. 
6. When we compa~e Af~ikaans-speaking pupils at schools in Cape 
Town and count~y towns we find no app~eciable diffe~ence 
between the two g~oups. 
7. When we compa~e the pupils f~om some standa~ds we fihd that: 
25/. of standa~d 4 and 31/. of standa~d 9 non-science pupils 
believe that the ball will fall st~aight down; 
51/. of standa~d 4 and 44/. of standa~d 9 non-science pupils 
believe that the ball will follow a pa~abolic path; 
the p~opo~tion of pupils who believe that the ball will fall 
st~aight down is fai~ly la~ge in standa~ds 4, 7 and 9 science 
pupils; 
the p~opo~tion of pupils who believe that the ball will follow 
a pa~abolic path inc~eases f~om standa~d 4 th~ough to the 
standa~d 9 science pupils; 
22/. of standa~d 9 science and 31/. of non-science pupils 
believe that the ball will fall st~aight down; 
63/. of the science and 54/. of the non-science pupils believe 
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that the ball will follow a parabolic path. 
8. An examination of the graph which compares the frequencies 
with which the individual options are selected across the 
standards clearly show that options d and e follow trends 
which are related to each other. Changes in the frequencies 
with which one of these options is selected is reflected in a 
corresponding increase or decrease in the frequencies of the 
other. 
There is some evidence of the standard 6 group once again 





Before we proceed to interpret the data collected in this study, 
it is appropriate to review the relationship between the data 
collected and the type of instrument used, as well as the general 
problems associated with interpretation of data as reported in 
the literature. 
Driver, (1983) stresses the fact that the kind of information 
collected depends on the technique used to collect it. She 
distinguishes between techniques which she refers to as being 
"conceptually framed" and those which are "contextually framed". 
Techniques which are conceptually framed are characterised by 








which represents the 
through techniques 
concept being 
such as word 
concept mapping and free as~ociation, investigate 
about the concept presented. The knowledge 
this way is propositional knowledge about the 
concept and provides very little information about how accessible 
this knowledge is in practical situations. Techniques which are 
contextually framed are based on actual events or phenomena. The 
subject is presented with information of a perceptual kind which 
may or may not be used when responding to the task. The data 
collected is usually behavioural. The underlying theories which 
the subject is using to solve the problems p~esented to him are 
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inferred from regularities in his responses. Laboratory tasks and 
computer simulations 9iscussed earlier are very good examples of 
this kind of technique. The information collected in this way is 
called "knowledge-in-action" by Driver. In her opinion these 
techniques comprise a powerful method of collecting information 
on conceptual frameworks as they are ~pplied to actual 
situations. However, they are limited in that they provide very 
little information about the models, analogies and images which 
subjects use in generating the observed responses. 
The method of investigation which we have used in this study lies 
at the contextual end of the conceptual-contextual continuum and 
while we are aware of the limitations which are associated with 
the use of this kind of investigation, it is important to note 
that we are really interested in the knowledge-in-action of our 
pupils and not in using the data collected to infer which 
underlying conceptual frame~orks are being used to solve the 
problems presented. Furthermore, as far as moving bodies are 
concerned, we are aw~re of the fact that pupils are rather vague 
in their notion of the term force, which sometimes appear to be 
used to mean the momentum or energy possessed by a moving body 
(Viennot,1985). Driver (1983) also points out that the meanings 
which are attached to words by younger pupils may differ 
significantly from those attached to the same words by adults. 
McDermott (1984) agrees with Driver that in research on 
conceptual upderstanding there is a very close relationship 
between the results obtained and the method used to collect the 
data. She lists the following points as being important in 
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evaluating and interpreting the results obtained: 
1. The nature of the instrument used to assess understanding: To 
what extent was the subject actively involved in the task.? 
The responses made in writing answers to written questions may 
2. 
not be the same as those produced when observing a 
demonstration, using a computer or manipulating apparatus in 
the laboratory. 
The degree of interaction between the subject and the 
investigator: Was it possible for the investigator to clarify 
the responses made by the subject.? While in an interview the 
investigator may be able to verify the meaning of a particular 
response and follow up on comments which indicate unsuspected 
difficulties, the subject's responses may be influenced by the 
presence of the investigator and unwitting cues given by him 
or her. Gilbert and Pope (in Pope and Denicolo,1986) found 
that the presence of an interviewer influenced the responses 
given by pupils to Interview-about-Instances cards. During 
written tests the responses are very much less likely to be 
influenced by the presence of the investigator. 
3. Depth df probing: In how much detail did the investLgator 
examine the understanding of the subjects.? The inference 
drawn from the collected data may differ if only one question 
is asked about a concept rather than many, ·or if only one 
context is used instead of several different· ·Ones. Results 
based solely on the subject's initial .responses may be 
different from those obtained when the subject has had time to 
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consider alternatives. 
4. Form of data: What kind of data was collected: was it written 
responses to questions, transcripts of interviews or classroom 
observation.? To determine the frequency of different 
misconceptions in different populations~ the administration of 
written questionnaires to large numbers of subjects is 
satisfactory, but if the ideas held by a particular subject 
are of interest, then an individual interview will be the 
desired method and the data in the form of a transcript. 
5. Physical setting: In what ways did the environment in which 
the data was collected influence the results.? While a 
specially designed experimental setting may allow an 
investigator to probe an individual subject's understanding of 
a particular concept, observing the interaction among a group 
of subjects in the more natural setting of the classroom may 
provide a broader perspective on the_range of the ideas held 
by the pupils. 
6. Time frame: At what point in instruction was the test 
administered.? Over what period of time was the whole study 
carried out.? The significance of particular results may 
depend on whether the test was administered before, during or 
after instruction. The results based on the single 
administration of a test may be different to those obtained 
with more extensive testing. 
7. Aims of the investigator: How did the perspective of the 
investigator affect the design of the study o~ the way in 
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which the data is interpreted.? For those who teach science 
the aim and motivation of the investigation is the improvement 
of instruction while for others the emphasis may be on 
developing models of thought in humans. Similar data may be 
used by some investigdtors to identify and describe specific 
difficulties which pupils have in understanding science 
concepts while others will use it to infer the conceptual 
frameworks within · which an individual views the physical 
world. 
The results obtained by any study should be evaluated in the 
light of the above-mentioned characteristics of the method used. 
Thus McDermott (1985), for example, states explicitly that the 
results of a research programme should not be isolated from the 
context in which they were obtained; This is especially important 
when evaluating the implications of research for teaching, as 
generalizations based on a single experimental design may. be very 
misleading. She also stresses the fact that it is from the 
details of the investigation that useful ideas about and 1nsights 
into improving instruction are often obtained 
General implications: 
Before we proceed to evaluate the specific implications of our 
investigation it is appropriate to investigate the implications 
of other research in the field of misconceptions, alt~rnat~ 
conceptions or childrens' science on science teaching in general. 
In doing this we will bear in mind that as teachers of science 
some of our aims should be to allow our pupils to: 
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( i ) exchange their existing ideas for those held by scientists 
(Hewson,1981); 
( ii) develop a more scientific perspective (West, 1982); 
(iii) gain an additional perspective related, 
their earlier ideas. ( Solomon, 1983);. 
or relatable, to 
(iv) allow pupils to use their own inquir{es in their pursuit 
of further knowledge.(Driver,1983,p.74.) 
Furthermore, we must also be aware of the fact that although 
K&lly (1969) has suggested that we are all scientists from a 
young age, we should bear in mind that pupils are not mature 
adults and as such bring different ways of thinking and different 
past experiences to the task of making sense out of their 
environment. It is of utmost importance to be aware of the nature 
of these diff~rences when attempting to plan and implement 
suitable learning activities. (Osborne, 1985, p.55; 
Driver,1983,p.3.) 
Osborne identifies the following areas of difference as existing 
between pupils and adult scientists: 
1. Young pupils are limited in the extent to which they can 
reason in the abstract. Pupils view things from a self-centred 
or human-centred point of view. They tend to endow inanimate 
objects with characteristics of humans and other animals. They 
tend to consider only those entities and constructs that 
follow directly from everyday experience. Scientists, on the 
other hand, have constructed conceptions, such as atoms, which 
cannot be observed and some, such as potential energy, which 
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2. 
have no physical reality. In developing these concepts 
scientists have adopted a non-human-centred viewpoint. 
Pupils are interested in "customised" explanations for 
everyday events. They will accept more than one explanation 
for a specific event and are not very concerned if some of the 
explanations are self-contradictory. They do not distinguish 
between explanations which might be testable and capable of 
being disproved, and non-scientific explanations. With their 
interest in simple pragmatic explanations for everyday eveMts 
pupils are not too conce~ned if two theories which explain two 
different events are in conflict. Science on the other hand 
has become preoccupied with the coherence between theorie~ and 
consistent explanations of events. While scientists seek for 
regularities in events, pupils are more interested in the 
opposite: they wish to discover the irregular, the 
unpredictable and the surprising. 
3. The level of cognitive maturity of pupils, their experiences, 
use of language, knowledge and appreciation of the experiences 
and ideas of others completely limit their interests, thinking 
processes and construction of meaning. Scientists, on the 
other hand, draw from the collective wisdom of the whole 
scientific community which originates from a very wide field 
of events, some real and some contrived. Furthermore, science 
has available to it many ways of extending the senses, eg. 
electron microscopes, a precise language, and operational 
definitions quite unfamiliar to pupils. Pupils, however, when 
exposed to scientific explanations can only generate meanings 
from their own views of the world and their own meanings for 
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the words used in the explanations. Their appreciation of 
viewpoints based on our scientific history and technological 
culture can only develop slowly. 
4. Unless a pupil comes from a family in which some member has 
scientific training it is very unlikely that he will come into 
contact with, and hence interact with people who have a 
scientific perspective. It is therefore quite unlikely that a 
scientific way of looking at events and natural phenomena will 
be learnt outside the science classroom. 
Bearing in mind the aims of science teaching listed above, as 
well as the characteristics of the pupils, Osborne (1985, p.41) 
identifies the following three teaching conditions which must be 
met in order to ensure that these aims are achieved: 
1. teaching which will help pupils exchange, evolve or extend 
their existing ideas about a particular topic; 
2. teaching which will present new ideas so that they appear 
intelligible, plausible and useful to the learner; 
3. teaching which will order the topics of the curriculum better 
in order to take into account learners' intuitive and/or 
developing ideas. 
Furthermore, Schollum and Osborne (in Osbbrne, 1985, p. 51) 
identify the following three components of a successful school 
science lesson. The activity which pupils take part in must be~ 
1. related to the world outside the classroom in a way which will 
allow the pupils to expand their knowledge of that world and 
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2. 
to make sense of it in a new way; 
related to prior ideas stored in 
individual pupils; 
the memories of the 
3. related to what an important person in the life of the 
individual pupil would find interesting and would value. This 
person could be a peer, parent or teacher. 
A. Implication for the s~ience teacher: 
In attempting to make sense of their interactions with the 
natural and technological worlds in which they live, pupils 
construct meanings for themselves. They are involved in some kind 
of learning which is associated with science during every ctay of 
at school or not. (Freyberg and their lives whether they are 
Osborne in Osborne,1985,p~89.) 
they help pupils to: 
Teachers teach science whenever 
* investigate things and explore ideas; 
* ask useful and productive questions; 
* seek and develop explanations which are sensible and useful 
to them with respect to the natural and technological worlds 
that they confront daily; 
* broaden their experience of nature and technology; 
* become interested in the explanations of others about how 
and why things behave as they do and in how such 
explanations may have been obtained. (ibid,p.89) 
Science teachers have always had a number of roles which teachers 
in other disciplines do not share, such as the maintenance of 
laboratories and equipment, the handling of dangerous chemicals 
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etc. However, when additional aims include taking into account 
the ideas of pupils and the processes by which they construct new 
ideas, then some of th~ teacher's existing roles become more 
important. Frey berg and Osborne (ibid,p.91.) consider the 
important roles .to be those of motivator, diagno~tician, guide~ 
innovator, experimenter and researcher. We. will briefly examine 
each of these roles in the light of the approach towards learnin~ 
in sci~nce which we have been following. 
1. Motivator: 
One of the major problems associated with practical work is that 
pupils find so many "extraneous" stimuli to distract them. The 
role of the teacher then becomes one of ensuring that they attend 
to· the "right" stimuli. The more interesting the inherent 
features of an experi~ent are, the more important it becomes that 
the pupils' attention is focussed on the "right" things, i.e. 
they must know what to look for. This can be achieved by: 
* explicitly stating the intent of the lesson or activity so 
that pupils can reconstruct for themselves the problems to 
be solved, or the le~rning task to be carried out; 
* encouraging pupils to ask themselves and each other 
questions which will focus attention and initiate generative 
learning; 
* encouraging pupils to take responsibility for and to direct 
their own learning by deliberately reducing the cookbook 
aspects of instructional material to a minimum and thereby 
leaving greater opportunity for the pupils to make as many 
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decisions as possible about their work, provided that the 
teacher may query decisions made and the reasons for the 
decisions; 
* choosing situations which the pupils may find interesting 
because they are unpredictable and contain unexpected 
outcomes whenever possible - provided of course that these 
events are not considered to be tricks or magic: 
* encouraging pupils to reflect upon their own ideas a~·weil 
as those of others. (ibid, p.92) 
2. Diagnostician: 
If pupils' prior views have a major influence on lear~ing~ then 
it is essential that the teacher must be aware of what these are 
in the case of his or her pupils (Gilbert et al,1982). Stenhouse, 
(1986) feels that given the constraints of large classes, limited 
time available and a fixed syllabus to be covered, that it is 
understandable that pupils' ideas are often ignored. The._results 
of this approach for the cognitive development of pupils~ 
especially with respect to their regard for science and all 
formal education, is extremely serious. It is important that the 
teacher generates a classroom climat~ in which pu~ils' ideas are 
. . . . 
valued and listened to so that pupils will feel absolutely free 
to express their ideas. The role of the teacher as a lisiener is 
inherent in his role as a diagnostician. In fulfilling this role 
data can be collected through the use of questionnaires, 
classroom discussion, interviews, answers to tests· and 
examination questions and answers to questions based on 
experimental work as well as from pupils' problem solving 
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attempts. 
3. Guide: 
The teacher acts as a guide in that he should help his pupils to 
learn to construct their own paths to knowledge by helping them 
to develop strategies for the effective processing of 
information~ thereby enabling them to see both where they are 
going and to have some idea of how to get there. The teacher 
can: 
1. gently point out logical errors in the pupil's thinking, such 
as inconsistencies or the drawing of unjustified conclusions; 
2. challenge the reluctance of some pupils to consider all 
possibilities or to suspend judgement; 
3. show pupils where they have over - or under - generalised, or 
based their arguments bn fal.se assumptions. (ibid,p.93) 
All pupils need guidance in linking new experiences to ideas in 
their long term memory stores in order to generate meaning. It is 
the task of the teacher to help the pupil to relate what is be~ng 
taught to appropriate propositions, episodes and images which he 
h~s in his memory store, as well as making him think about 
relevant past experiences. Science education should encourage 
pupils' efforts to construct meaning (Pines and West,1986). If 
teaching is a generative process then the teacher should be 
providing the pupils with: 
* many examples and applications of the new idea; 
* materials in several different ways and formats; 
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* encouragement for further elaboration of the new idea by 
considering it from a number of different points of view by 
discussing, 
tee hno 1 og ica 1 
for example, 
applications, 





His task as a guide to generative learning demands from the 
teacher that he continually interacts with the individual 'pupils 
as well as groups in his class as they learn. 
task which is both demanding and challenging. 
4. Innovator: 
This is clearly a 
It is important that the pupils see the teacher .as a human 
resource in that he should be a source of ideas on how to do 
things, about ~here to find thingsl about what could have gone 
wrong and about what to do. next. (ibid, p. 94) . .. Providing r:tew or 
alternate ways of doing things is an important part of his 
responsibility. On another level he has to be innovat~ve in tha~ 
once he knows the ideas 6f his pupils he has to find new ways bf 
helping them to perceive the ideas of others as more 
intelligible, plausible and useful to themselves thari the ones 
which they currently hold. This is both a daunting and exciting 
task as it is not at all obvious how to best go about· modifying 
existing ideas. 
· 5. Experimenter: 
If we recognise that p~pils have what appears to them to be 
sensible and coherent views about their natural world and.events 
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in that world and that their ideas may not agree with accepted 
scientific ideas about the same world and events, but that 
through the process of generative learning they may slowly move 
closer to accepted scientific ideas~ then it is important that we 
as teachers consider very seriously what form of assessment 
learning should take and what the consequences of the feedback of 
the results of the assessment may have on pupils. There can be no 
doubt at all that methods of assessment which we currently use 
simply encourage pupils to rote learn and pay lip service to 
accepted scientific viewpoints. Whether they believe that what 
they have learnt in science lessons is important in understanding 
the real world appears to be unimportant from an assessment point 
of view. Freyberg and Osborne (ibid, p.95) suggest that we should 
be more concerned at assessing: 
* the coherence of the pupil's own views and his or her 
reasons for holding those views; 
* whether or not pupils understand the accepted scientific 
viewpoint; 
* what attempts they have made to relate the two viewpoirits 
where these differ. 
These authors are of the opinion that if teachers take their role 
of experimenter seriously, then it is inadequate for them simply 
to assess pupils at the end of a teaching sequence, but rather 
that they should assess pupils before and after lessons as well 
as some months after the lessons in order to ascertain whether 
the pupils have moved from their own ideas towards the scientific 
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ideas. Through teacher experimentation we have to develop new 
assessment techniques and reporting procedures which will allow 
both teachers and pupils intellectual integrity and will in 
addition stimulate pupils to reconstruct their ideas so that they 
will be more scientifically useful and coherent. If the teacher 
adopts a generative view of learning then he or she should be 
"centrally concerned" with the impact of his or her teaching on 
his or her pupils' views of reality. (ibid,p.98). 
B. Implications for lesson frameworks: 
In terms of the generative model of learning in science, the aim 
of a lesson, or a sequence of lessons, should be to modify the 
existing intuitive ideas which the pupils have about the subject 
under discussion. Accord~ng to Cosgrove and .Osborne (ibid,p.101), 
Renner found that the most common practise among teachers is to 
attempt to pass on to their pupils a mastery of the content of 
the subject as they, the teachers, see it. Typically the teacher 
will give the material to be taught to the class as information; 
the pupils are then expected to verify the information through 
observation of a demonstration or their own experiment; and 
finally the information is applied in some way or other, usually 
by answering questions and solving quantitative or mathematical 
problems from a textbook. This process can be summarised as 
"inform, verify, and practise"(Renner,1982). From the generative 
point of view it omits the vital activities of originating 
experiences, interpr~tation and elaboration. Elsewhere (p.47 
above ) we have discussed the lesson model of Nussbaum and Novick 
which is based on Posner's theory of conceptual change and takes 
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into account the pupils' prior ideas. In a lesson following their 
approach the alternative frameworks of the pupils is first 
exposed, conceptual conflict is created and finally cognitive 
accommodation is encouraged. In a very similar model by Erickson 
(ibid,p.103) the method followed involves firstly presenting the 
pupils with a set of "experiential manoeuvres" which allow the 
pupils to become familiar with a wide range of phenomena so that 
they might expose a set of intuitive ideas or beliefs. The 
activities involved are expected to allow the pupils to clarify 
their own ideas a.nd to develop confidence so that they might 
begin to make predictions. The second stage, which is described 
as containing "anomaly manoeuvres", involves the creation of 
situations that lead to unexpected outcomes. In this way elements 
of uncertainty are introduced and the pupils are expected to 
restructure their views. The third stage of his model involves a 
set of "restructuring manoeuvres" to assist the pupils in 
accommodating unexpected outcomes. This may be achieved by, for 
instance, group discussion and teacher intervention. 
Rowell and Dawson, (ibid, p.104) have developed a model which 
focuses on the confrontation between scientists' science and 
pupils' 
steps: 
science. Their lesson sequence involves the following 
* Through careful questioning the teacher establishes the 
ideas which the pupils bring with them to the situation 
under discussion. A conscious awareness of these ideas is 
seen as being of value to both teacher and pupils. 
* These ideas are accepted by the teacher as possible 
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solutions. 
* Pupils are asked to retain their ideas and the teacher 
states that he or she is going to put forward another 
possibility which the pupils will help to evaluate later 
on. 
* The "new" idea is taught by linking it to a basic idea 
already held. 
* Once the new idea is available to the pupils the old ideas 
are recalled 
reality. 
for comparison with each other and with 
Champagne et al, (1983) suggest a.lesson plan which they_term 
"ideational confrontation .... The steps involved are: 
* the teacher describes the physical situation which is to 
be used as the instructional 
demonstration, practical work, 
of the textbook; 
event. This may be a 
problem solving or reading 
* the pupils analyse the physical situation and state 
verbally or in written form the relevant concepts, 
propositions and variables involved; 
* a class discussion follows and inevitably this leads to 
controversies, the result of which is that each pupil 
becomes aware of his or her analysis of the situation 
under discussion; 
* instruction now begins with the teacher presenting the 
science concepts, propositions or variables to explain the 
situation. Pupils are asked to compare their analyses with 
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the one given by the teacher. This forces pupils to 
confront inconsistencies between their prior ideas and 
those given by the teacher. 
The similarities between the different methods described are 
obvious. 
Based on their work in the Learning in Science Project, Cosgrove 
and Osborne have identified a number of preconditions associated 
with teaching and learning which must be ta~en into account by 
teachers if they are to be at all successful in their attempts to 
modify the ideas of their pupils. These preconditions are: 
1. The teacher has to understand scientists' views, pupils' views 
and his or her own views. In many cases the~e is a discrepancy 
between the teacher's view and those of scientists. 
2. Pupils must have the opportunity to explore the context of the 
3. 
concept, preferably with everyday situations. This helps 
pupil~ to link the experience to ideas of ~ocial relevance and 
to other relevant ideas and may help with motivation. 
The pupils must have the opportunity to engage in 
self-clarification of their own views at ah early stage of the 
teaching. The appreciation by the pupil of his or her own 
ideas as well as how these differ from those of other people 
is a major factor in the learning situation. The classroom 
environment must be such that the pupils will not feel at all 
threatened when they reveal ideas which may be considered as 
confused or strange. 
4. It is the responsibility of the teacher to introduce the 
scientists' view as an alternative to those put forward by the 
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5. 
pupils. 
The scientists' view now has to be made intelligible and 
plausible by experimentation, demonstration or reference to 
analogy. The teacher has to accept that at least for some 
pupils the acceptance of the new view will not take place 
easily. It is p~rhaps better for the pupils to remain honest 
about holding on to their views, and the reasons why, than to 
superficially accept the teacher's view. 
6. The pupils must have the opportunitY. to consolidate and 
elaborate the newly accepted idea. They must be given a chance 
to consider the new concept across a whole range of examples 
and situations. Pupils should be exposed to activities which 
require them to use the newly learnt ideas to explain 
specifically observed events so that they may find it more 
useful than their old ideas. 
Pines and West~ (1986) 
conceptual exchange are: 
suggest that the phases involved in 
* awareness of ~he existence of competing points of view, 
active effort by the pupil to integrate the new inf6rmat~on 
into his existing framework and discovering that his 
framework is unsatisfactory. 
* disequilibrium which involves the introduction of anomalies 
which cannot be explained or predicted by the pupil's 
existing ideas and beliefs. 
* reformulation which involves the presentation of the 
scientific ideas, the resolution of the .anomalies and the 
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acceptance of these ideas by the pupils. 
It is clear- that the pr-econditions listed above cover- these 
aspects. 
Based upon the gener-ative lear-ning model and taking account of 
the pr-econditions specified above as well as the additional aims 
of clar-ifying the pupils' existing views, modifying these views 
towar-ds the cur-r-ent scientific view, and consolidating the 
sc~entific view within the backgr-ound exper-ience and values of 
the pupils, Cosgrove and Osborne pr-opose their- "gener-ative 
lear-ning" model of teaching. The model has thr-ee distinctive 
phases, viz. focus, challenge and application, but these thr-ee 
phases ar-e pr-eceded by a pr-eliminar-y teacher- pr-epar-ation phase. 
I 
1. Pr-eliminar-y phase: This phase involves the teacher- in: 
( i ) ascer-taining the typical ideas the 
pupils will br-ing to the topic; 
(ii) under-standing the ideas that scientists 
use to descr-ibe and explain the 
phenomenon; 
(iii) an appr-eciation of the ideas he or- she 
uses to descr-ibe and explain the 
phenomenon. 
~ focus phase: The aim her-e is to pr-ovide a context for-
later- wor-k. This could involve activities 
to focus attention on a par-ticular-
phenomenon or- to get pupils thinking about 
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their own meanings for ·words or a 
combination of both. The teacher has to 
provide motivating experiences, encourage 
the pupils to think by asking questions and 
helping them to interpret their answers. 
The teacher should make the ·purpose of this 
phase clear to the pupils if theY are to 
take the responsibility for their own 
learning, to become familiar with the 
context, to ask questions of themselves and 
to clarify their own ideas. 
3. The challenge phase: Pupils present their views to their group 
or to the whole class. The differing views 
held by the class are sought, displayed and 
discussed. Where necessary the teacher 
introduces the scientists' view at the 
appropriate level of sophisti~ation and 
language for the pupils. Critical tests of 
the different views are proposed, by the 
pupils where possible, and evidence for the 
scientists' view is sought. It is during 
this phase of the lesson that the teacher's 
role is critical in terms of guidance,input 
and decisions about which ·tests are 
possible in the classroom. If this phase is 
successful then it should end with the 
pupils raising many questions as they try 
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to accommodate the new ideas. 
4. The application phase: In most cases this can be a problem-
solving time where the solutions require the 
newly acquired scientific viewpoint. 
Discussion about the proposed methods of 
solution should enhance the process of 
problem solving and increase the status of 







solutions, challenging pupils to think about 
the phenomenon in terms of the new viewpoint 
and encouraging a reflective, thinking 
approach by the pupils 
Quite clearly the implementation of these ideas requires very 
active teaching by teachers who must appreciate pupils' ideas, 
the scientific view to be taught, the types of activities which 
might achieve the required conceptual change as well as the 
interaction required with the pupils to bring about conceptual 
change. A daunting task indeed! It is important to realise that 
the teaching-and-learning processes have to be seen not as the 
,transfer and injection of information but rather as a complex 
activity in which the pupils themselves play a major 
role.(Stenhouse,1986.) 
625 
Chapter 12 General implications 
C. Implications for practical work:. 
In virtually every country in the world science is currently 
being taught through some form of experimental work by pupils and 
observation of teacher-experiment. This is done in the belief 
that pupils will thereby develop their skills of investigation 
and from the results of their investigations .will develop sound 
\ 
scientific knowledge.(Tasker and Freyberg in Osborne,1985,p.66; 
Driver,1983,p.3.) 
However, in the light of constructivist theory, do pupils 
actually see what we expect them to see or do they attend and 
respond to other stimuli? Osborne and Tasker (in 
Osborne,1985,p.27)~ observed a number of activity- based lessons, 
interviewed pupils and teachers about the aim of the experiment 
and concluded that there are major differences between the 
teacher's aims an~ the learning which was actually taking place. 
This was due to the following differences between teacher and 
pupils: 
* the ideas pupils brought to the lesson and the idea~ which 
the teacher assumed that they would bring; 
* the scientific problem the teacher would hav~ liked them to 
investigate and what they took the problem to be; 
* the activity proposed by the teacher and the activity 
undertaken by the pupils in spite of considerable teacher 
intervention; 
* the conclusions arrived at by the pupils and those proposed 
by the teacher. 
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These findings should be seen in the light of Wittrock's theory 
of generative learning ( discussed on p.30 above). He believes 
that pupils will inevitably construct their own purpose for a 
lesson, form their own intentions about the activities which they 
will undertake, draw their own conclusions and carry these 
through into their subsequent thinking. The extent to which these 
constructions actually tally with those intended by the teacher 
will depend on a number of factors. What is quite clear is that 
it cannot be assumed that the teacher's intentions are 
transferred directly to the pupils. Teachers have to contrive 
learning situations in such a way that the mental constructions 
which are made by the pupils what the lesson is about, what is 
to be done and what can and is to be learnt from it - correspond 
to their own aims.(Osborne and Tasker,in Osborne,1985,p.27; 
Driver,1983,p.9.) By being aware of and taking into account the 
ideas which pupils bring with them to lessons teachers can reduce 
the disparity between teacher's aims and pupils' learning. 
Furthermore, Driver (1983,p.11) points out that it is only within 
the conceptual framework of a scientist that most experiments, 
apparatus used and techniques applied make sense. To the 
uninformed, 
places. 
laboratories can be very mysterious and confusing 
Tasker and Freyberg (in Osborne,1985,p.p.69-76) observed many 
practical classes involving pupils in the 11 to 14 year old group 
and nine 
lessons in 
different teachers. After 
depth they identified the 
analysing sixteen of the 
following eight areas in 
practical work in which discrepancies exist between teacher 
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intent or expectation and the learner's perceptions or outcomes: 
(a) Discrepancies in intent: 
1. Scientific context: While the teacher saw lessons as building 
on previous lessons, the pupils often saw 
the lessons as isolated events and did not 
' 
link them as expected. 
2. Scientific purpose: The pupils do not perceive the purpose of 
the activity as intended by the teacher. 
In spite of a clear statement by the 
teacher about the aim of the activity. 
many pupils fail to recognise it as such 
and establish alternative purpose. 
3. Scientific design: ·Pupils often do not have any idea of what 
the critical~scientific factors are in an 
experiment. They have little appreciation 
of .key features in.the design_ of the 
investigation and as a result no real 
basis for anticipating the n~ture of its 
outcomes. The result is that pupils will 
sometimes accept secondary results as the 
significant results of an investigation. 
The purpose of a control experiment is 
often not made clear to or ~nderstood by 
pupils. 
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(b) Discrepancies in action: 
4. Pupils' actions: The actions of pupils are guided by the 
purpose 
activity. 
which they establish for an 
When they have difficulty in 
establishing a meaningful purpose, or when 
they do not appreciate the design features 
of the investigation, their purpose and 
actions degenerate into the blind following 
of instructions. The danger inherent in this 
behaviour is that in many pupils 
intellectual involvement, purpose and action 
is reduced to a mechanical level and 
worthwhile learning opportunities are lost. 
5~ Getting results: If the intended sensible scientific purpose 
of the activity is not clear to the pupils 
and if they do not appreciate the critical 
design features of the experiment, then 
their interpretation of what results should 
be looked for and what results are important 
is often different from those-expected from 
them by the teacher. As far as the pupils 
are concerned the problem becomes one of 
guessing what the teacher wants from the 
activity or getting the "right answer". This 
may lead to the ·virtually complete 
abandonment of scientific method. 
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6. Consideration of findings: When busy with an activity pupils 
sometimes do not only focus on unexpected 
outcomes and events of an activity, but may 
also not consider their actions and findings 
in a critical way. If they are concerned 
simply with getting the "right answer" or 
with guessing what the teacher expects them 
to find, they have no reason at all to 
consider their results critically in a 
scientific sense. This lack of critical 
consideration of their findings is also a 
problem when pupils are asked to calculate 
events which they may be assumed to be 
familiar with, e.g. times of flight of 
projectiles or heights of buildings. from 
free fall data. Their answers are often 
obviously ridiculously large or small and 
yet are very seldom criticised. 
(c) Discrepancies in views of the world: 
7. Impact of experience: Pupils' past experience and existing 
ideas can result in their placing very 
different interpretations on an activity 
from those intended by the teacher. Teachers 
assume that pupils will automatically relate 
the experiences of the lesson to the ideas 
and perspectives of scientists when in 
reality they can only relate these 
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experiences to their own existing ideas. 
8. Relationship to pre-determined outcomes: It is not uncommon 
for teachers to write on the board at the 
end of an activity a pre-determined 
conclusion using typical scientific 
language. Sometimes the conclusions listed 
are inappropriate and even incorrect when 
related to the events observed by the pupils 
during the activity. Quite clearly this may 
lead to confusion and doubt amongst pupils 
about the scientific method and its value. 
Many of these points are also raised by Driver (1983). 
These authors, as well as Driver (in Driver,1983,p.2.), are of 
the opinion that these discrepancies arise because curriculum 
writers and teachers tend to view practical work done by pupils 
from their own scientific perspective. This has encouraged a 
range of mistaken assumptions about how pupils will 
and learn from practical tasks. They suggest 
respond to 
that the 
discrepancies present between teacher and pupil may be reduced if 
the following three crucial issues are faced and overcome. 
Teachers must find ways of ensuring that: 
1. their intended purpose for th~ activity becomes the pupils' 
own purpose; 
2. the activity designed to achieve this purpose is understood 
and accepted in advance by the pupils as a sensible and 
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straightforward method of accomplishing it; 
3. the pupils'conclusions are valued, discussed and related to 
the teacher's hoped-for conclusion. 
Osborne,1985,p.77) 
(Taske~ and Freyberg in 
Tasker and Freyberg suggest that the above aims may be achieved 
if the following methods, which have been used successfully by 
teachers and described by Tasker and Lambert (0sb6rne,1985,p.77) 
are used: 
1. At the beginning of the lesson the pupils are put into groups 
to read through the instructions for the activity to be 
undertaken. They· discuss and report on questions and 
instructions provided by the teacher with the aim of ensuring 
that their purpose and design features are understood, 
accepted and appreciated. They are encouraged to ask questions 
such as: "What are we trying to do?", "Why do we need a 
control?", etc.· Th~ p~actical classroom as-seen by the 
authors in this case is obviously one in which the teacher and 
his colleagues must be willing to accept a fair amou~t of 
pupil-noise. 
2. Instructions for a particular task are written on a card. The 
card is then cut up, scrambled and placed in an envelope. 
Groups in _the class then have to re-assemble the material in a 
sensible order while discussing the reasons for the~r choices. 
Finally they check with the teacher before carrying out the 
task. In general this is said to require about 10 minutes. 
(although presumably only in simple cases.) 
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3. Instructional material is re-considered to en~ure that as 
little ambiguity as possible occurs. The use of short 
sentences, the underlining of key words as well as built~in 
questions about what the instructions mean, can all help. 
4. Pupils are given the opportunity to consider what their 
findings mean to them, what the findings mean to the other 
group members and how their group's findings stand alongside 
those of the other groups. To do this 
* each pupil records his o~ her results and considers the 
experience against his or her own ideas; 
* pupils put their ideas relating to the experience to other 
members of the group. Discussion generates a group view; 
* the group view is presented to the class by a member of each 
group With support from any members of the group; 
* the teacher contrasts the group views and directs 
discussion, raising issues where necessary until a consensus 
is reached or further activities are decided upon. There is 
speculation 
results. 
about possible reasons for unanticipated 
5. Assessment mechanisms are designed so that the things which 
are considered important are ~ocussed on in the assessment 
procedure •nd the pupils realise this. A teacher's assessment 
list could include: 
(i) Interpretive skills: Ability to plan, carry out and 
report on an investigation; 
( i i ) Cognitive skills: Ability to formulate a sensible 
633 
Chapter 12 General implications 
conclusion in terms of the evidence, to interpret 
results and make predictions, to appreciate the views 
of others and the evidence on which this is based; 
(iii) Manipulative skills: Ability to set up apparatus, take 
readings, follow instructions where necessary; 
(iv) Workshop skills: Ability to tidy up after experiments, 
observe safety procedures; 
(v) Social skills: Responsibility to group and class; 
ability to share and listen to the view of others. 
6. Checklists are developed to ensure: 
* that activities are planned with close reference to the 
specific problems associated with teacher-pupil 
discrepancies. (See example in Appendix B) 
* feedback is obtained through self or colleague evaluation. 
(See example in Appendix B) 
* feedback is obtained through the perspectives of the 
pupils.(See example in Appendix B) 
The checklists do not have to be used for every lesson as they 
are very detailed but should be employed in a variety of ways, 
e.g. for certain critical lessons, as a guide to problems which 
often arise, etc. 
In the opinion of Freyberg and Tasker (in Osborne,1985,p.80) keys 
to effective teacher-guided activity-based science lessons are 
that the teacher helps pupils to generate: 
* a satisfactory purpose for the lesson; 
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* a sensible activity 
solutions; 
or method of obtaining possible 
* reasonable and sensible conclusions from the experiences; 
and, if appropriate, 
* links to, and an understanding of, the acceptable scientific 
viewpoints on this particular phenomenon. 
D. Implications for language used by textbooks and teachers: 
Teachers interact with pupils in a number of ways but in general 
language in verbal or written form is used. What has to be 
appreciated is that the intended m~aning of the teacher or 
textbook author cannot be assumed to be automatically transferred 
to the minds of the pupils. Each individual pupil constructs his 
or her own meaning from the variety of stimuli, which of course 
include the spoken or written words present in the learning 
environment. The extent to which the meaning constructed by the 
pupil is similar to that intended by the teacher depends very 
heavily on the way the pupil copes with the language used by the 
teacher. As this medium is normally the main one used in 
interaction with pupils, it is obviously vitally important to be 
aware of its limitations in learning situations. Bell and 
Freyberg (in Osborne,1985,p.33) list the following ways in which 
pupils and teachers can react to the language used in th~ science 
classroom: 
* ignoring teacher talk: If the language used by the teacher 
includes words unfamiliar to the pupils, 
comprehension of what is being said cannot occur. 
Pupils cannot construct meaning from what is being 
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said. Edwards and Marland (in Osborne,1985,p.33) 
point out that pupils may start to construct meaning 
from a word but that this process triggers off 
associated ideas from memory store which may have no 
bearing on the line of argument being used by the 
teacher. 
* noises which sound scientific: When the teacher insists that 
the pupils use the teacher's language it is possible 








circumstances many pupils considef the lesson to be 
an .instruction about words rather than concepts. 
Teachers who have poor ideas about science concepts 
themselves may encourage the use of science terms but 
fail to see that these terms do not apply in that 
particular situation. The pupils are using words 
which are meaningless to them. 
* ignoring pupil talk : Insistence by the teacher on the use of 
correct scientific terms can make him oblivious to 
what the child is saying in his own language. Pupil 
contributions may be devalued or ignored. 
* the unidentified mismatch: When the teacher uses familiar words 
which have a specialist meaning in science, both 
pupil and teacher may be unaware or unable to 
identify that a problem exists and to locate the 
source of the problem~ Words such as work, energy and 
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power have social as well as scientific meaning and 
as such may well be interpreted in ways not intended 
by the teacher or textbook author.(Solomon 1983.) 
* the identified mismatch: Pupils are sometimes aware th~t a 
mismatch exists between the meaning which they 
associate with a word and the meaning which the 
teacher associates with that word, but in spite of 
this they continue using their meaning which in the 
situation is actually an incorrect meahing. 
Recognizing the teacher's or author's intended 
meaning does not guarantee acceptance and use of it. 
* ordinary words.: It is not only the us~ of technical and 
scientific words which may lead to difficulties. 
Common words can also have a range of meanings 
associated with them. 
As a possible solution to language problems~ Bell and Freyberg 
(in Osborne,1985,p.37) stress that activities which allow pupils 
to verbalize their ideas about the science topic which they Are 
investigating are of the utmost importance provided that the 
teacher follows them up. It is the opinion of these authors that 
in order for pupils to change their views it is important that 
their own views are clear to them and to appreciate how their 
view differs from that of science. These ideas clearly link with 
those discussed above in which we have stressed the importance of 
the pupils being allowed to develop clarity about the objectives, 
methods, results and inferences of experimental work done by them 
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thr-ough, amongst other- things, ver-balising their- own ideas. Quite 
clear-ly it is of the utmost impor-tance that teacher-s ar-e awar-e of 
this language pr-oblem and that pupils should be addr-essed in 
language appr-opr-iate to their- under-standing. Fur-ther-mor-e, 
teacher-s must listen to and inter-pr-et pupils' talk. Stenhouse 
(1986) str-esses that the teacher- has to under-stand the language 
used by the child and be able to show the child how his or- her-
language has to be modified to appr-oach the language used by the 
teacher-. 
£. Implications for teacher-training: 
Fr-om the above discussion about the implications of gener-ative 
lear-ning for- the teacher-, for- lesson models, for- pr-actical wor-k 
and for- the use of language in the classr-oom, it is clear- that 
dur-ing his or- her- tr-aining the teacher- should: 
* become awar-e of his or- her- own ideas about accepted science 
concepts by being intr-oduced to t~chniques which .will enable 
him or- her- to become awar-e of his or- her own ideas; 
* be made ver-y awar-e of the ideas of scientists about the same 
science concepts and appr-eciate how these ideas may differ- fr-om 
those held by him or- . her-, hopefully moving towar-ds accepting 
the scientists' ideas; 
* lear-n techniques which will enable him or- her- to identify the 
ideas held by his or- her- pupils. This may involve learning how 
to: 
gener-ate a non-thr-eatening classr-oom atmospher-e· 
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* 
use written survey materials and to interpret the results of 
such surveys; 
interview individual pupils; 
manage group di~cussions; 
listen to and interpret pupil responses. This is a difficult 
task because, as Stenhouse (1986) points 6ut, pupils may not 
be able to articulate many of their ideas explicitly. These 
ideas will have to be interpreted from utterances which may be 
inappropriate and confused. 
learn to use simple but appropriate language to give 
instructions and to describe and explain ideas; 
* learn to write instructions for experimental work in language 
in which the clarity of terms used and logical progression 
will ensure that the pupils understand the aim, appreciate the 
design, are guided to see the important outcomes of the 
experiment and to draw reasonable inferenc~s; 




This could be the most difficult area of learning by the teaeher 
because it is here that he or she will have to appreciate which 
experiments or events are the best to illust~ate a new concept or 
to disprove ideas held by the pupils. Quite clearly this is an 
area which will make enormous demands on the teacher's ingenuity 
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in and understanding of science. 
* learn techniques which will allow him to assist pupils with 
conflict resolution and accommodation of new ideas; 
* learn techniques of assessing the conceptual change in 
pupils; 
the 
* learn techniques which will enable him or her to teach pupils 
questioning skills which may assist them in; 
asking critical questions about their own ideas as well as 
the ideas of others; 
the exploration of 
Wittrock,1985.) 
their own environment.(Osborne and 
It is clear from the above that a tremendous amount is expected 
from th~ science teacher in terms of learning techniques which 
will enhance conceptual change in the pupils, but it is our 
opinion that the most important aspect of the training of 
teachers has to be in their own deep understanding of the basic 
science concepts involved in the curricula which they are 
expected to teach and, equally importantly, to understand the 
methods used to test and verify theories and their resulting 
predictions in science. This is indeed a daunting task. 
In the preceding chapters we have presented evidence that pupils 
at schools in the Cape and Transkei hold alternate views of 
science which in most cases agree with those held by pupils and 
students in other countries around the world. In general we have 
found that the frequency with which these alternate views are 
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held do not differ substantially between cultural~ age and 
language groups. We have presented evidence that some of these 
ideas continue to be held by students at university and by 
students at the University of Cape Town following the post 
graduate Higher Diploma in Education. 
In the light of our findings and of the preceding discussion, we 
are of the opinion that: 
* as the current methods used in undergraduate science and in 
teacher training in science at tertiary institutions are 
essentially an extention of the methods used in high schools, 
these courses are inadequate for conceptual .learning; 
* since most teachers of science at school have studied and 
qualified through a system which .does not stress conceptual 
understanding, many of them have misconceptibns about many 
basic science concepts. Helm, 1978, showed that teachers of 
physical science at high schools harbour serious 
misconceptions. We have administered our questionnaire to two 
groups of HOE science method students at the University of Cape 
Town and have found that members of these groups have serious 
misconceptions about some fundamental concepts in mechanics. 
In-service training courses should be used to adress this 
problem. 
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F. Implications for the curriculum: 
WheM considering the content of a school curriculum two very 
important points about learning in general and science in 
particular should be borne in mind. The first one concerns 
learning in general and it is that pupils cannot discover all -
or even very much - scientific knowledge for themselves nor can 
they be given scientific knowledge as though they were empty 
vessels waiting to be filled. New knowledge has-to be firmly 
anchored in existing knowledge. The second important point 
relates in particular to learning in science and concerns 
practical work. For pupils to discover anything they need a prior 
conceptual framework. Discovery methods can inveStigate the 
relationships which exist between concepts but they cannot lead 
to the formation of new concepts. The acquisition of new 
kMowl~dge depends on the child's existing knowledge and the 
structure and organization of the new ·knowledge. The child's 
existing conceptual framework is all - important in learning in 
science and especially so in practical work. (Hodson,1985). 
In following a constructivist approach to and the generative 
model of learning, developers of curricula should attempt to 
answer the following questions: 
* What pre-existing ideas do pupils have about the topic 
taught? 
* How can we build on these ideas? 
to be 
* Is the sequence of presentation of the material the correct one 
in view of. the ideas to be taught and their relationship to 
other ideas as well as the pupils' pre-concepts? (Driver, 
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1983,p.59) 
* Can the pupils be expected to successfully complete the topics 
selected in the time available? 
* Will the pupils be able to link the events ~elected to 
illustrate the relevant concepts to everyday events in their 
lives and will they be useful to the pupils? 
* Has enough time been allocated to ensure adequate 
consolidation? 
Driver (1983,p.80) is of the opinion that to design a curriculum 
around major conceptual schemes may mean that most pupils finish 
their formal education in science without understanding the 
theories which they have been introduced to nor seeing the 
illustrative materials as being relevant dr interesting. She 
suggests that illustrative phenomena should not be selected 
because they support a theoretical idea but rather because they 
are of practical and everyday interest in their own right. There 
may also be good reasons to reconsider the level at which a 
theory is introduced to some pupils, e.g. some pupils may 
consider electricity as a flow of water in a pipe and not go on 
to the movement of charged particles. It is important to realise 
that the task is to teach pupils to understand the theories and 
explanations of others, including scientists, and not to believe 
them to be immutable truths. (Driver,1983,p.81.) Pupils should 
not be led to believe that science is intolerant of individual 
opinion, as a complete understanding of scientific practise 
demands that pupils be. provided with opportunities to think 
creatively.(Hodson,1985) 
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One of the consequences of being exposed to conventional 
scientific ideas is that the pupils should reorganise their ideas 
accordingly. This requires time and this should be taken 
cognisance of in the curriculum.(Driver,1983,p.84.,Clough et 
al,1987.) Teachers and pupils should have time to discuss, argue, 
organise and accommodate new ideas. It is very possible that for 
by far the majority of pupils the science curriculum is too 
extensive. It is perhaps better to teach a few fundamental 
concepts which cover many events in day-to-day living than to 
cover highly theoretical and abstract ideas which for the 




In this section we will, where possible, be investigating the 
specific implications of our results for classroom teaching. In 
order to do so we have grouped questions which deal with 
essentially the same concepts. 
FORCE 
1. Force and motion: 
The perceived link between motion and a force acting in the 
direction of the motion is examined directly by questions A 1, A 
2, A 4, A 10, and indirectly by A 8 and A 12. Throughout all of 
the standards, as well as across all of the groups which we 
compared, the pupils in our sample overwhelmingly select options 
which link motion with a force in the direction of motion. If 
these results are seen in conjunction with our findings with 
first year university students and post-graduate education 
diploma students reported on page 73 above, then the implications 
are that: 
* the idea that there must be something acting in the direction 
of motion to ~ustain motion is a remarkably pervasive and 
persistent one; 
* current methods used to teach Newton's First Law are not at 
all successful; 
* the number of years of exposure to science teaching has very 
little effect on the ease with which the concept described in 
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* 
Newton's First Law is accepted; 
the order of presentation of the 
study of force and motion both at 
concepts involved in the 
schools and at tertiary 
institutions does not lead to an acceptance of the concept 
that force is only required to change momentum; 
* as pupils and students believe that there is something acting 
in the direction of the motion of a moving body, that perhaps 
the first concept to be introduced should be momentum 
(Osborne,1985,p.48); 
* teachers may be unwitting sources of the idea that force-is 
required for motion; 
* . authors of text-books should spend more time explaining and 
exploring· the implications of Newton's First Law. 
* this area of the Physical Science syllabus. should be 
investigated in great detail and in great depth at in-service 
training courses for teachers. 
2. Forces in equilibrium : 
The identification of the forces acting on a body at rest, as 
well as their directions and relative magnitudes, are examined by 
questions A 3, A 7, A 9 and A 11 .. In questions A 3 and A 7 an 
object is suspended: in A 3 from a tree and in A 7 from a man s 
arm. In questions A 9 and A 11 an object is supported by a 
surface: in A 9 the it is lying on a table and in A 1i on the 
palm of a man's hand. In A 8 a cart being pushed by a man is 
shown to be stuck in sand and the relative magnitudes of the 
frictional force and the force with which the man is pushing has 
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o be compared. In A 6 and A 12 a tug-of-war situation is 
presented: in A 6 there is no movement but the competitors are of 
unequal size, while in A 12 there is movement with constant speed 
in the direction of one of the contestants. Pupils are asked to 
compare the magnitudes of the forces which the competitors are 
exerting. 
From the results of questions A 3, A 7, A 9 and A 11 the 
implications are: 
* that the responses of the pupils are determined by the 
situation used to illustrate the problem. Figure 1, which we 
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* that as pupils in schools in the Cape tend to selerit the 
correct respon~e, i.e. option 1 on the graph, with a higher 
frequency if a human is seen supporting the object, that in 
teaching this topic a static condition should be introduced by 
using a human in the illustration. 
* that to illustrate the problem, as is commonly done, with an 
object lying on a table, is clearly the worst of available 
methods for pupils in Cape schools. This is clearly shown by 
the increased frequency of selection of option 5~ the option 
which compares the frequencies with which pupils select a 
downward-only acting force, in question A 9. 
* that in Transkei schools pupils appear to be influenced more 
by the particular situation than in Cape schools. In the case 
of suspended bodies an upwards-only acting force is most 
commonly selected while in the case of bodies suppo~ted on a 
surface, a downwards-only force is commonly selected. The 
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presence of a human in the problem presented has very little 
effect on the response elicited from the pupils. As the pupils 
in Transkei, unlike their counterparts in the Cape, see the 
two situations presented to them as quite different from each 
other, it is clearly going to be more difficult to teach the 
equilibrium condition to these pupils. We therefore suggest 
that particularly in their case the understanding and 
acceptance of the presence of the gravitational force in all 
situations will be a good starting point in teaching the 
static condition. 
* that, as in Transkei sbhools we find that the frequency with 
which a single upward-acting force is select decreases up the 
standards, while the frequency of selection for a single 
downward-acting force increases, this may be a maturation 
effect. 
* as in Transkei schools boys tend to select a single 
downward-acting force and girls tend to select a single 
upward-acting force, the problem will have to be approached 
quite differently for the two groups. As virtually all schools 
in Transkei are co-educational, this will present a major 
teaching problem. Girls have to be made aware of the force of 
gravity! 
* that as the figures 3 and 4 for schools in the Cape, which we 
have presented previously on pp 235 and 236 above, show, the 
correct response is selected with increasing frequency as we 
go across the standards, with a corresponding decrease in the 
frequency with which the presence of a single downward-acting 
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force is selected. This implies that either teaching or 
maturation has an effect. As the equilibrium condition had not 
been taught to any of the classes at the time of the study, it 
seems reasonable to assume that the effect produc~d must be 
due to maturation. 
Static Equilib~iuM. 
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* as standard 9 pupils who do science select the correct 
response with a substantially higher percentage frequency than 
the standard 9 pupils who do not do science, this strongly 
implies that learning in science has a definite effect in this 
area. 
Figure 5 shows the responses of Cape pupils to two of the options 
they were presented with in question A 8, the question which 
asked pupils to compare the relative magnitudes of the applied 
force and the frictional force acting on a cart which is stuck in 
sand. Option a suggests that the applied fo~ce is larger than the 
frictional force while option b suggests that the applied force 
and the frictional force are of equal magnitude. 
The responses represented in figure 5 suggests that: 
* as there is a gradual decrease in the frequency with which 
pupils from standard 6 through to the standar-d 9 science group 
select option a, the option which suggests that the applied 
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fo~ce is la~ge~ than 
substantially highe~ 
the f~ictional force, 
p~opo~tion of standa~d 
and while a 
9 non-science 
pupils select this option, this effect is due to lea~ning 
science at school. This is fu~the~ bo~ne out by the inc~ease 
in the f~equency with which the co~~ect option, option b, is 
selected ac~oss the standa~ds to a maximum with the standa~d 9 
science pupils. The~e is some evidence that the same t~end is 
p~esent in the ~esponses of T~anskei pupils, but to a less 
ma~ked extent. 
* as about 20% of th~ pupils in each of the standa~ds in Cape 
schools select the option which ~uggests that the f~icticinal 
fo~ce is much la~ge~ than the applied fo~ce, this idea is 
widesp~ead and appea~s to be ~esistant to change by lea~ning. 
* as a substantially highe~ p~opo~tion_ of pupils in T~anskei 
than in the Cape select this option, this belief is mo~e 
fi~mly held in T~anskei and may affe~t the ease with which 
this equilib~ium situation is unde~stood by pupils the~e. 
* as figu~e 6, which we have p~esented p~eviously on p. 222 
above, shows, the belief that the f~ictional fo~c~ is la~ge~ 
than the applied fo~ce is held by a la~ge~ p~opo~tiori of 
pupils in standa~ds 4 and 5 in the Cape, but that although 
this p~opo~tion sh~inks to a ce~tain extent, the idea is held 
by a ~ema~kably simila~ p~opo~tion of pupils in each of the 
~est of the standa~ds in schools in the Cape. This indicates 
that this idea is ~esistant to change th~ough exposu~e to 
science teaching and matu~ation. 
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* as the belief that the frictional force is larger than the 
applied force is more widely held by Afrikaans-speaking pupils 
than by English-speaking pupils, in Afrikaans medium schools 
pupils will experience more difficulty in understanding this 
equilibrium situation and it ought therefore .to be given 
greater attention in teaching. 
Our results to question A 6, the tug-of-war situation with 
unequally sized competitors, have some interesting implications. 
These are that: 
* a large number of pupils do not understand this equilibrium 
situation. . . 
* the relative sizes of the competitors have a remarkable effect 
on the selection bf the options by the pupils. This implies 
that when this equilibrium situation is introduced in class or 
in text~books it is important that the two competitors are 
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seen to be equal in size. 
* girls in the Cape appear to be more affected by the extraneous 
information that the competitors are of unequal size. The 
implication here is that girls will experience more of a 
problem than boys in initially understanding the si~uation as 
presented and it is therefore particularly important when 
teaching in single sex girls-only schools that competitors are 
seen as equal in size - at least initially. 
* the fact that the frequency with which pupils select the 
correct option, i.e. that the two dogs are pulling equally 
hard, increases across the standards in schools in the Cape to 
a maximum with the standard 9 pupils who do -science, with an 
almost parallel decrease in the frequency in selecting the 
option which suggests that the larger dog pulls the harder, 
indicates that .either learning 
has had an effect. The result 
in science 
may be due 
and/or maturation 
to learning in 
science in standards 8 and 9 or to the fact that these pupils 
have selected to do science and therefore may be assumed to be 
better read in science. It is not a maturation effect as the 
standard 9 pupils who do not do science select these two 
options with about the same frequency as. the standard 7 
pupils. 
* the fact that our other comparisons do not yield noticeable 
differences implies that these beliefs are shared evenly by 
the different groups. 
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* as far as the pupils in the Transkei are concerned it appears 
that the three beliefs are very evenly shared by the different 
standards. This may ofcourse simply imply that the pupils were 
guessing but if we assume that they are ndt doing so then this 
implies a cultural difference. Transkei pupils · do not expect 
that the big dog exerts the greater fOre~ to the same extent 
as their counterparts in the Cape. In th~ absence of data on 
pupils in higher standards it is not pos~ible to predict the 
effect of this result on the teaching of ~quilibrium to pupils 
in higher standards. 
The results of the answers to our questioM A 12, the question 
involving a tug-of-war situation in which oMe of the competitors 
is winning, imply that: 
* either the pupil~ misunderstood the q~estion or that the 
physics of this equilibrium situation is extre~ely poorly 
understood. However, the result fits in· very well with the 
results of our investigation into the link between force and 
motion. A belief that there is an unbalanced force in the 
direction of motion is clearly implied by the overwhelming 
selection of the option which suggests. that the winner is 
pulling the harder of the two. 
* the belief that the force exerted by the competitor who is 
pulling in the direction in which the system is moving, 
increases in popularity in the higher standards. As in the 
case of the belief of force in the direction of motion, 
learning in science in school appears to have no influence at 
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all in the understanding of this situation. 
* equilibrium situation~ involving movement at constant velocity 
will be difficult to teach as the pupils bring with them a 
belief that the force in the direction of motion has to be the 
larger. We believe that a thorough understanding of the 
relationship between force and motion is a pre-requisite to 
learning in this case. 
* the pupils from Transkei may have been guessing or they really 
see this situation quite differently from their counterp~rts 
in the Cape. If the latter is true, then we believe that this 




1. Gravity and Height: 
understood more easily by 
We used questions A 5 and B 5 to investigate the beliefs·of our 
pupils about the relationship between the magnitude of the 
gravitational force and height above the ground. The implications 
of our results are that: 
* while in general it is true to say that some pupils associate 
an increase in height with an increase in the gravitational 
force, i.e. "the higher the heavier", the frequency of the 
responses elicited from the pupils depend on the situation 
presented to them. While about 50/. of. standard 9 science 
pupils believe that it requires a larger force to hold a car 
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at the top of an incline as opposed to the force req~ired to 
hold it at the bottom, only about 30% believe that the gliding 
bird has a larger force acting on it than the bird seated on 
the ground. This situation-dependence of the frequency of the 
elicited response is fairly typical for all of the standards. 
* there is a general ignorance of the effect of a relatively 
small increase in height on the magnitude of the gravitat~onal 
force in pupils in all of the standards in schools in the 
Cape. It therefore seems clear tha~ this is an area of 
confusion for pupils in most standards. The implication is 
that when Newton's Law of Universal Gravitation is taught, 
particular attention should be paid to the effect on the value 
of the gravitational force of the magnitude of the distance 
between the surface of the e•rth and that of bodies on or near 
the surface of the earth, i.e. that compared to the radius of 
the earth small increases in altitude have negligible effect 
on the value of the gravitational force. 
* girls appear to believe that "higher means heavier" to a 
slightly larger e~tent than boys do. This implies that more 
care should be taken with girls when clarifying the 
implications of Newton's Law of Universal Gravitation. 
* comparison of the frequencies with which standard 4 and 
standard 9 pupils who do not do science select the options 
which imply that gravitational force increases with height 
suggests that the frequency of this belief may increase with 
increasing age in pupils. not studying science at high school. 
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* there is a noticeable increase in the belief that the gliding 
bird in question A 5 experiences a smaller force than the bird 
sitting on the ground when we compare pupils from standards 
4, 7 and the 9 science group. This is in all probability due 
to some learning about Newton's Law of Universal Gravitation 
and over-estimating the effect of an increase in the distance 
between bodies. There is also an increase in the frequency 
with which pupils from these classes select the correct option 
as well as a decrease in the frequency with which the option 
which suggests that the bird is weightless is selected. This 
may be the result of learning in science. The effect of 
learning in science is further illustrated by a comparison 
between the frequencies with which standard 9 science pupils 
and standard 9 pupils who do not do science select the option 
which suggests that the bird has a smaller force acting on it 
while it is gliding than while it is sitting on the ground: a 
substantially higher proportion of science than standard 9 
non-science pupils select this option as well 
option. 
as the correct 
* the idea that higher means heavier is also the predominant one 
in Transkei. 
* there is very little difference between the frequencies with 
which boys and girls in Transkei schools select the different 
options on these questions, which implies that this concept 
can be taught readily in a typical Transkei co-educational 
classroom. 
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2. Rising and falling obJects: 
We used two questions, 8 1 and 8 3, to investigate the beliefs 
held by our pupils about the speeds with which objects of unequal 
mass fall. In question 8 1 two balls, one having double the mass 
of the other, are allowed to fall freely from the same height 
above the ground. Pupil~ are asked to compare th~ speed~ with 
which the balls will strike the ground. In question 8 3 two cars 
are allowed to run freely from the same point down an incline 
with one car being twice as massive as the other. Figure 6 , 
which refers to our results to 8 1 and which we presented on 
page 401 above tlearly shows that with the exception of standard 
6 pupils by far the majority of pupils in the other standards in 
Cape schools believe that heavier objects fall at a greater speed 
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Furthermore, we have once again clearly demonstrated that the 
frequency with which this belief is held is dependent on the 
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situation presented to pupils. This may be an example of a 
d~fferent mini-theory being used. to solve the problem. The 
following graphs, figures 7 and 8, which we have presented on 
page 347 above compare the frequencies with which similar options 
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It is clear that the pupils from the two classes we have selected · 
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do not see the two situations as similar. 
The implications of our results are that: 
* the idea that heavier objects fall faster than lighter objects. 
is deeply rooted amongst pupils in schools in the Cape and as 
such will doubtless be resistant to change. The most popular 
belief exhibited by pupils in all of the classes and groups 
which we investigated was that the object with double the mass 
would travel twice as fast as the less massive one. 
* any attempt to demonstrate practically the fact that all 
objects in free fall experience the same acceleration will 
need very careful preparation, as any result which could even 
remotely be interpreted as indicating that the heavier object 
has the greater speed or falls faster will encourage a belief 
which is already held by pupils. 
* the fact that there is an increase in the frequency with which 
the correct option is selected by p~pils from standard 4 
through to standard 9 science pupils, with a large decrease in 
the case of the standard 9 pupils who do not do science, 
implies that learning in science around standard 6 has a clear 
effect on the belief that objects fall equally fast. It is not 
clear why the standard 6 pupils 
extent that they do: they are 
majority of the pupils do not 
fall faster than lighter ones. 
hold this belief to the large 
the only group of which the 
believe that heavier objects 
* the situation~dependence of the responses elicited is further 
illustrated by the comparison of the responses of girls and 
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boys. When asked to compare the speeds of freely falling 
balls, boys do very much better than girls at selecting the 
correct answer while a substantially larger proportion of 
girls select the options which suggest that the heavier ball 
has the greater speed. However, when asked to do the same for 
cars of unequal mass running down an incline, a substantially 
higher proportion of boys select options which indicate a 
belief that the heavier car has the greater speed at the foot 
ot the incline. We are therefore led to believe that when 
using the usual illustration of free-falling bodies, ~irls 
will experience more difficulty in accepting the idea that 
both objects will have the same speed. after having fallen 
through the same distance. Furthermore, it is clear that .the 
sexes do not see the two different situations as similar. This 
could be a very strong argument for the existence of."hat 
Claxton refers to as separate mini-theories. 
* the data from pupils in Transkei shows that the proportion of 
pupils who select the correct option increases from standard 
4 through to standard 6. This may be due to learning· or 
maturation. However, the majority of pupils believe· that 
heavier objects will have greater speeds than lighter ones 
when they free-fall for the same distance and as such will 
experience difficulties in accepting the correct concept. 
Boys appear to believe this more strongly than do girls. 
However, when asked to compare the speed of the cars at the 
foot of the incline, the majority of Transkei pupils ·indicate 
their belief that the lighter car will have the greater speed. 
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Clearly the pupils are not seeing the two situations as 
similar. While a larger proportion of boys than girls believe 
that the more massive ball will have the greater speed, about 
the same proportion of boys and girls believe that the lighter 
car will have the greater speed. However, the beliefs are 
shared by the majority of pupils in each of the sexes and as 
such should not have a substantial effect on teaching in a 
co-educational classroom. 
We used question B2 to investigate the beliefs pupils hold about 
rising objects. In this question two objects of unequal mass, one 
being twice as massive as the other, are thrown upward with the 
same initial speed. The pupils are asked to compare the height 
reached by the two objects. We find that the belief that the 
lighter object will reach the greater height to be very firmly 
rooted in pupils in all of the standards in schools in the Cape. 
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As our results with falling balls indicate a widely held belief 
that heavier objects fall faster, this result is expected, as 
heavier ejects should therefor also slow down more rapidly. The 
results to questions B 1 and B 2 are in very good ~greem~nt ~ith 
each other and indicate the belief that the acceleration of 
free-falling objects depends upon their mass. The implications 
for teaching i~ general have been spelt otit on the previous 
pages. Once again it is not clear why the standard 6 group do not 
hold this belief quite as widely as the other grqups. 
As the results of question B 1 indicate that a substantially 
larger proportion of girls than boys believe that heavier objects 
will fall faster than lighter ones, the results of this question 
indicate that a substantially larger proportion of girls than 
boys believe that lighter objects will rise higher than heavier 
ones. This clearly could lead to problems in co-educational 
classrooms. 
Once again in Transkei we find that the ·majority of pupils 
believe that the lighter ball will reach the greater height. This 
is in good agreement with our findings on question B 1. The 
proportion of boys and girls who hold this belief is so similar 
implying that the methods used to actress this problem will be the 
same for boys and girls and as such it should not cause a problem 
in co-educational classrooms. 
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Relative Spe~ds On Overtaking 
We used question B 4 to investigate the beliefs our pupils hold 
about the relative speeds with which two bodies are travelling 
when the one body is in the act of overtaking the other. From our 
results it is clear that: 
* the majority of pupils in each of the standards in schools in 
the Cape believe that the body which is in the act of 
overtaking has the greater speed but th~t about 26% of the 
pupils in our sample actually believe that at the moment when 
the two bodies are opposite each other, they have the same 
speed. There is an increase with st~ndard in the proportion of 
pupils who believe that the overtaking body has the larger 
speed. This indicates both a learning ~nd maturation effect. 
There is a very sharp increase in the proportion of pupils who 
hold this belief and a corresponding decrease in the 
proportion of pupils who believe that the two objects have the 
same speed, as one goes from the standard 4 and 5 groups to 
the higher standards. However, the belief that at the moment 
of overtaking both objects have the same speed is held by 
about 25% of the pupils in the standard 9 science group. Why 
there should be an increase in the fre,quency with which this 
belief is held by pupils in the standard 9 groups when 
compared to the pupils in standards 6,7 and 8 is not clear. 
The fact that about 25/. of the pupils in the standard 9 
science group believe this after they had completed their 
studie~ about motion is a clear indication that this idea is 
widespread and particularly resistant to change. Careful 
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selection of examples and discussion is needed to bring about 
a change in this belief. 
* the proportion of standard 9 pupils who do science and who 
believe that the two objects have the same speed at the moment 
when they are opposite each other is virtually identical to 
that of the standard 9 pupils who do not do science and who 
* 
* 
share this belief. This indicates that this belief is fairly 
commonly held by pupils in all of our classes and by pupils 
entering universities. Lecturing staff in tertiary 
institutions should be made aware of this. 
a slightly larger proportion of girls than boys hold the 
bel.ief. that the two bodies are -travelling at the_, same speed 
when they are opposite each other and this may imply that 
girls should be given more time to explore this· situation. 
in Transkei the idea that the speeds are the same at the 
moment of overtaking is also fairly widely held and the pupils 
should be given time and examples to explore the situation. 
There appears to be no appreciable difference between boys and 
girls in this case. This implies that this concept can be 
dealt with readily in co-educational classrooms as the beliefs 
of the boys and girls are very similar. 
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Circular Motion 
We used questions C 3, C 5 and C 7 to investigate the beliefs of 
our pupils about the path along which an object which is 
travelling in a circle will travel after being released. From our 
results it is clear that while the idea that the path along which 
the released body will travel is a curve is widely held, the 
frequency with which this response is elicited depends upon the 
situation presented as well as the age and standard of the 
pupils. In the following graphs we have compared the frequency 
with which similar options are selected by standard 4 pupils and 
standard 9 science pupils. On the graphs the different paths are 
represented as follows: 
Option 1~ radial path. 
Option 2: in a straight line at an angle to the 
radius 
Option 3: tangential path. 
Option 4: curved path 
Ci:rcula:r Motion. 
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It is clear from figures 10 and 11 that while the belief that the 
released body will travel along a curve is widely held by pupils 
in both of these groups, the belief that it will travel along .a 
straight line at an angle to the radius is also held by a 
substantial proportion of standard 9 science pupils. Our results 
imply that: 
* for the researcher~ .it is important to realise that the 
situation used to investigate the beliefs held by subjects 
will effect the frequency with which different paths are 
selected. 
* a remarkably consistent but small proportion of pupils in 
each of the standards believes that the path will be 
tangential. It will quite clearly be quite difficult to 
convince the remaining majorrty of the pupils th~t this is the 
correct path, and we would suggest careful observation of 
objects being swung around and released will assist with 
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* 
learning in this case. 
a belief in the persistence of curvilinear motion in the 
absence of a force is widely held amongst pupils both in 
schools in the Cape and Transkei. 
* in all three cases presented there was a gradual decrease in 
the frequency .with which the curved path is selected by the 
pupils in the different standards, reaching a minimum with the 
standard 9 science pupils. As the pupils in standard 9 who do 
not do science select this option with a frequency which is 
very similar to that of the standard 7 group, this is clearly 
the effect of learning in science. 
* in all three cases presented there i~ a gradual increase in 
the frequency with which a straight l~ne path which is at an 
angle to the radius is selected by the pupils in the different 
standards, reaching a maximum with the standard 9 pupils who 
do science. Thi~ is probably d0e to learning in science. 
* a substantially greater proportion of girls than boys hold the 
belief that the released object will travel on a curve, while 
a larger proportion of boys belief that the object will travel 
along a straight line at an angle to the radius. In a 
cc-educa tiona 1 sc heel this means that girls may be more 
resistant than boys to accepting a tangential path and may 
have to spend more time on this topic than the boys in the 
ClC:lSS. This could be a problem for the teacher. 
* the trends in Transkei schools are similar to those in Cape 
schools except that the beliefs of boys and girls do not 
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differ appreciably. This implies that this topic can be 
readily tackled in a co-educational classroom in Transkei. 
Projectile Motion 
We used questions C 1, C 2, C 4 and C 6 to investigat~ the 
beliefs held by our pupils about the paths along which objects 
with an initial forward motion will fall if they are released and 
allowed to fall freely to the ground. From our results it is very 
clear that the majority of our pupils do not believe that the 
path will be a parabola in the direction of the initial motion. 
It is also cle~r that the path selected depends upon the standard 
which the pupils are in as well as upon the situation. presented 
to the pupils. The following graphs which we presented on 
pp 534 and 526 show this very clearly 
Figtll'e 12 
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From figures 12 and 13 it is clear that the perceptualy more 
complex situation presented in C 4 elicits fewer "correct" 
responses from our pupils •. 
It is also clear that with the exception c~f C 6 the proportion of 
pupils who believe that the object will fall straight down in 
general decreases from standard 4 through to the standard 9 
non-sci~nce group. The standard 7 pupils appear to select this 
option with a frequency which is slightly too high to fit in this 
general trend. This trend is probably the result of a combination 
of maturation and of learning. 
Furthermore, it is clear from our results that in the free-moving 
situations presented, the proportion of pupils who select the 
path which indicates a belief that the object will actually fall 
backwards is fairly constant. This can be interpreted as meaning 
that they believe that the motive force has been removed and 
therefore the body will stop moving forwards, in which case one 
will actually e,xpect the body to fall straight down. 
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Alternatively it may be due to very st~ong perceptual 
present in these everyday situations. 
clues 
In all of the situations presented ~we find that there is a 
gradual increase in the proportion of pupils who select the 
correct forward parabolic path from standard 4 through to the 
standard 9 science group, followed by a decr~~se to the standard 
9 non-science group. This is probably due to learning, although 
one can also argue that pupils who do science in standards 8 and 
9 elect to do so and that these pupils probably observ~ their 
environment 
orientation". 
more closely due to some form of "science 
The consequence of these beliefs for teaching, we believe, is 
that the immediate acceptance by pupils of parabolic paths of 
motion will be difficult. We believe that practical 
demonstrations which minimize perceptual 
importance when introducing this topic. 
clues to be of utmost 
Furthermore, we find that boys and girls differ greatly in their 
beliefs about the paths along which objects will fall. Figures 14 
and 15 which we have presented on pp 527 and 531 above show this 
clearly. 
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It is clear from figures 14 and 15 that in co-educational 
settings teaching this concept will be problematic and will 
require skillful handling by the teacher. We suggest once again 
that practical observation is going. to be of the utmost 
importance. 
We also find that all the other comparisons which we drew in 
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schools in the Cape yield results which are very similar. This 
means that all of our pupils in all of the schools which we 
tested respond remarkably similarly to these situations. 
In Transkei we find that the predominant belief is that the 
object will fall straight down. There is very little difference 
in the proportion of boys and girls who select this option. 
Clearly practical demonstration is going to be important here but 
the problem of different responses of boys and girls present in 
Cape schools will be absent in Transkei schools. This is a 
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APPENDIX A: QUESTIONNAIRES 
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INFORMATION 
In this test paper I am go~ng to ask you to give your opinion about 
four different kinds of things. 
In Section A you must compare the relative sizes of forces and the 
direction in which the forces are acting. (By relative I mean that 
you must compare the size of the two forces with each other to see 
which one is the bigger). 
In Section B you must compare the r-elative s~zes of the same quantity ~n 
two different objects e.g. their speed. 
In Section C you must select the path an object will travel along after 
something has been done to it, or after it has done something. 
In Section D you are asked to compare the temperatures of boiling liquids 
as well as one or two other things. 
To answer the questions, all you have to do is to put a tick in the 
correct block on the answer sheet provided. Please fill in all the 




SECTION A: INFORMATION 
In this section the size of a force is shown by the length of an arrow. 
The arrowhead shows the direction in which the force is acting. 
two forces, A and B acting on a body may be shown as 
For example, 
(i) In this case force A acts in a direction 
opposite to force B and is ~maller than B. 
(ii) Here forces A and B are equal ~n size but 
act in opposite directions. 
(iii) Here there are no forces acting on C. 
SECTION A QUESTIONS 
1. The sketch shows a girl throwing a ball 
vertically upwards .. The sketch which 
best shows the forc:es acting on the ball 
immediately after it has left the girl's 
hand, is : 
(a) (b) (c) 
A ... --+-8_._-+-----+~ B 









~· The sketch shows a girl who has used a bat to 
hit a ball vertically· upwards. The sketch 
which best shows the forces acting on the 
ball when it has reached its highest point 
and just before it starts to fall back to 
3. 
the ground, is : 
l 
(b) (c) (d) 
The sketch shows a tyre which is hanging 
from a rope which has been tied to the branch 
of a tree. The sketch which best shows and 
compares the s~zes of the forces acting on 
the tyre, is 















The sketch shows a boy who has thrown a ball 
horizontally away from him. The sketch 
which best shows the forces (including fric-
tion or resistance) acting on the ball 
immediately after it has left the boy's 
hand, is : 
•e .., .,. 
(a) (b) (c) 
















the ground and gliding along 100 metres high 
in the air. The pair of sketches which 
best compares the s:tze of the force with 
which the earth attracts the bird when it :ts 
sitting on the ground and aga:tn while it :ts 







The sketch shows two dogs pulling against each other at opposite ends of a 
sack. They are not mov~ng. 
is pulling, is : 
The sketch which best shows how hard each dog 
(b) ~?4 
(c)~? 
The sketch shows a man holding a bucket 
of water. in his hand. The sketch which 
best shows and compares the forces acting 
on the bucket of water is : 
(a) (b) (c) 
\ 
(d) (e) 















































The sketch shows a boy who is pushing 
a cart. The cart is not moving because 
it is stuck in sand. The sketch which 
best shows the relative sizes of the 
force with which the boy is pushing com-
pared to the frictional force or the 
force of resistance, is 
(a) (c) 
(b) (d) 
The sketch shows a loaf of bread lying on 
a table. The sketch ·which best shows 
and compares the sizes of the forces 
acting on the bread, is : nl 
{ [1 
(e) .. ~ 
- 6 -
10. 
The sketch shows a boy who is swinging 
a ball, which is attached to a string, 
horizontally around his head. The 
force or forces acting on the ball at 




11. The sketch shows a man holding a 
brick in his hand. The sketch which 
best shows the forces acting on the 
brick is : 
(a) (b) (c) 
12.. 
(d) (e) 
The sketch shows t:wo dogs pulling against each other at opposite 
ends of a rope. They are moving slowly towards the right. The 
sketch which best shows how hard each dog is pulling, is : 
-8-
SECTION B INFORMATION 
In this section you must compare the relative sizes of the same quantity 
e.g. speed, distance travelle.d, etc. in two different objects. Here arrows 
are again used but now the Length of the line indicates the relative size·of 
the quantity which we are comparing. For instanc.e, if we are comparing the 
speed at which two cars are moving, then the following sketches would indicate 
that : 
(i) A and B have the same speed. 
([]] I!J 't 
•• A • (ii) B 1S moving faster than A 
[[]] 8 • 
ID 
A .. 
(iii) A 1S IDOV1ng twice as fast as B. 
[[]J--L 
- 9 -
SECTION B QUESTIONS 
1. 
The sketch shows a boy who is standing on. 
the top of a table. He has two marbles 
in his hand. The black mar:ble 
1s twice as heavy as the white one. 
He drops them at the same time and 
they fall towards the ground. The 
sketch which best shows the relative 
speeds with which the marbles hit the gound, 1s 
1 1 i 
(a.) (b) (c) (d) (e) 
2. 
The sketch shows a girl who has two marbles in 
her hand. The black marble is twice as heavy 
as the white one. She now throws them verti-
cally upwards. 
The marbles leave 
her hand with the 
same speed. The 
sketch which best shows the heights reached by the marbles, 1s 
l l ~ l 
(a) (b) (c) (d) (e) 
3. 
1.0 
The sketch shows two little cars 
placed art an incline or ramp by a 
boy who is racing them against each 
other. The black car is twice as 
heavy as the white one. He lets them 
go from the same point on the incline 
and at the same time. The sketch 
which best shows the relative speeds 
with which the cars reach the bottom 























The sketches show a boy running after, catching up with and passing a girl 
1n a race. The sketch which best compares their speeds at the moment the 
boy is next to the girl, is ! 
\ 
~) (b) (c) 
5. 
- 12 -
The sketch shows two identical cars 
being held on a hill by two men. 
The cars are not moving. The car 
at T is higher up the hill than the 
car at B. The sketch which best 
compares the sizes of the forces 
which each of the men has to produce 




















SECTION C. INFORMATION 
In this section you are asked to select the path along which an object will 
travel compared to the ground, or as seen by a stationary observer (a boy or 
girl who is standing still). The shape of the line shows the shape of the 
path and the arrowhead shows the direction in which the object is travelling, 
e.g. ~ This sketch indicates that a ball is travelling in a curve 
towards the right. 
l. SECTION C QUESTIONS .. 
The sketch shows a boy who is running along 
to the right and a girl is is watching him. 
Just as he passes her, he drops a ball from 
his hand. The girl sees the ball fall to 
the ground~ ThE~ sketch which best shows 
the path the gir~ sees the ball fall along, 
~5 : 
---? ~-
(a) (b) (c) (d) (e) 
' 
_14 -
The sketch shows a boy who ~s standing in the back of an enclosed truck. 
The truck is moving towards the right at constant speed. There is a hole 
in the floor of the truck and the boy wants to drop a stone through the 
hole. The sketch which best shows where he must stand to allow the stone 






1he sketch shows a boy who is swinging 
a ball, which is attached to a string, 
horizontally around his head. 
Seen from above it would like this: 
• 
' \ \ 
' ' ' 
_,-• .J 
.. ( -""" .. 
.... 
He lets the stri11g go when the ball is at A. 
will travel along after he has released it, is 
, -~('- ..... 
,··~ ~· : ;~, ,r .... ' ' ,/ \ 
.... ' . , . 
: '~~~ """""...--- \ ------ \ . . . 
' , .. ,~ ........ _____ ., 
(a) 
'-~------·- ..... - .• . ; ---- --- .. _......... --.....----\ . -. --·----·-+ ·- \ .· --- :--·---1111:. ~<I 
---~ . 
The path the ball 
(b) 
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4. The sketch shows a girl running towards the 
right past a boy. Just as she passes him, 
she throws a ball vertically upwards. The 
sketch best shows the path which the boy 









5. The sketch shows a girl who is being 
playfully swung in a circle by her 
father. 











• ' ' 
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travel along after being released, is best shown as : 
.,...---·-
(a.) 
' ...... / ..... •• ..... ---
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The sketch shows a ball rolling 
. O(fO''-" 
rap1dly are~fte a table in the 
direction as shown. It falls over 
the edge. The path it will travel 
along on its way to the ground, is 
best shown as : 
(a) (b) 
(d) 
7. The sketch shows a man who is swinging 
~ ball,which ''is attached to a string, 
vertically 1n front of him. He lets 
the string go when the ball is at A. 
The path the ball will travel along.after 






















SECTION D INFORMATION 
In this section you are asked to compare two temperatures. 
, 
This you 









-- ... ..___ 
A .8 
A and B are at the same temperature. 
They are equally "hot". 
B ~s at a higher temperature than A. 
B is "hotter" than A. 
The reading on the thermometer in B is 




- .... o -
SECTION D QUESTIONS 
The sketch shows two beakers which contain 
the same liquid and identical thermometers. 
Beaker B contains twice as much liquid as 
Beaker A. The liquids ~n both beaker? are 
heated by identical flames and both liquids 
are boiling. The sketch which best compares 
the readings on the thermometers, is 
(a) (b) (c) 
The sketch shows the two beakers containing the 
same volume of the same liquid as well as identi-
cal thermometers. The liquids are being heated 
with identical flames. Beaker A has one flame 
only. Both liquids are boiling. The sketch 
which best compares the readings ~n.the thermo-
meters, is 
A 8 A 8 A B 










The sketch shows water boiling over a flame. 
Two identical thermometers are placed in 
the boiling water as shown. The sketch 
which best compares the readings on the 
thermometers, is : 
- -- 1-- ~: . ~ -
~~:: - -· ·-= :: 
(a) (b) 
On a cold winter's morning a boy uses a 
thermometer to compare the temperature 
of the plastic saddle with the temperature 
of the metal handlebars of his bicycle. 
The sketch which best compares the readings 










The sketch shows water which has been boiling 
in a beaker for some time. Bubbles of gas 
are coming to the surface. The bubbles 
consist of 
(a) Air 
(b) Hydrogen and oxygen gases 
(c) Water vapour 
(d) Air mixed with hydrogen and oxygen gases 
(e) Nitrogen and oxygen gas mixed. 
0 ·0 - 0·· -- .... 
-0-0 = 9-:. 
., 
I N L I G T I N G 
In hierdie vraelys gaan ek u vra om u mening to gee oar 4 verskillencle 
onderwerpe. 
In ~fdeling A moet u die relatiewe grootte van kragte en die rigting 
waar~n die kragte uitgeoefen Hard met mekaar . _ vergelyk. (Met relatief 
bedoel ek dat u die grootte van die kragte mekaar moet vergelyk om te kyk 
watter een die grootste is). 
In Afdeling B moet us die relatiewe grootte van dieselfde grootheid 1.n 
twee verskillended voorwerpe vergelyk, bv. hul spoed. 
In Afdeling C moet us die baan waarlangs 'n voon;erp sal beweeg nadat iets 
daar aan gedoen is, uitkies. 
In Afdeling D word u gevra om die temperatuur van kokende vloeistowwe te 
vergelyk asook een of twee ander dingetjies. 
Om die vrae te beantwoord moet u net 'n kruisie 1.n die toepaslike blokkie 
op u antwoordblad maak. Vul asseblief al die vrae op die antwoord blad 
1.n. Dit is belangrik vir my. 
- 1 -
AFDELING A INLIGTING 
In hierdie afdeling word die grootte van n krag deur die lengte van n pyl 
aangedui. Die punt van die pyl du:L die rigting waarin die krag uitgeoefen 
word aan, byv.: twee kragte A en B word op voorwerp C uitgeoefen. Dit mag 
soos volg voorgestel word : 
(i) In hierdie geval is krag A kleiner 
as krag B en word die kragte in teenoor-
gestelde rigtings uitgeoefen. 
(ii) Hier is kragte A en B ewe groat maar 
hulle word in teenoorgestelde rigtings 
uitgeoefen. 
(iii) Hier word daar geen kragte op C uitge-
oefen nie. 
AFDELING A : VRAE 
1. In die skets gooi n dogter n bal vertikaal 
opwaarts. Die skets wat die kragte wat op 
die bal uitgeoefen word onmiddellik nadat 
dit die dogter se hand verlaat het, die beste 
aandui, l.S : 
(a) (b) (c) 
A +4---+E::)_.-+-------+t B 





2. In die skets gebruik die dogter n raket om n bal 
vertikaal opwaarts te slaan. Die skets wat die 
kragte wat op die hal uitgeoefen word wanneer 
die bal sy hoogste punt bereik het en net 
voordat dit begin terugval grond toe, die beste 
aandui, is : 
3. 
l 
(a) (b) (c) 
Die skets toon 'n buiteband wat aan 'n 
tou hang wat aan 'n tak vasgemaak is. 
Die skets wat die kragte •..rat op die 
buiteband uitgeoefen word aandui en 
hulle grootte die beste vergelyk, is 






4. In die skets gooi h seun h bal horisontaal 
weg van hom af. Die skets wat die kragte 
(dit sluit wrywing of weerstand in) wat op 
die bal uitgeoefen word onmiddellik nadat 
dit die seun se hand verlaat het, die 
beste aandui, is : 
•0 • t 
(a) (b) (c) 
5. Die skets dui 'n voEH aan wat op die grond 
sit en dieselfde voel wat 100 meter hoog Ln 
die lug sweef. Die paar sketse wat die 
grootte van die aantrekkingskrag wat die 
aarde op die voel uitoefen terwyl dit op 
die grond sit en weer ~oranneer dit sweef, 
die beste vergelyk, is : 
(a) 
( 'I \ c. J 





In die skets trek twee honde teen mekaar aan die 
teenoorgestelde kante van 'n sak. Die honde 
beweeg nie. Die skets wat die best aandui hoe 
hard elk een van die honde trek, is : 
(a) ~: \\:~ ....... -=--9::~ )) --~~ ~,J:j 1C4 
In die skets hou 'n man 'n enuner water in sy hand. 
Die skets wat die kragte wat op die enuner uitge-
oefen word en hulle o::tderskeie groottes die beste 
aandui, is .. 
(a) (b) (c) (d) (e) 
- 5 -
8. 
In die skets stoat 'n seun 'n wa. Die wa beweeg n~e 
omdat dit in the sand vassit. Die skets wat die 
krag waarmee die seun stoat die beste vergelyk 
met die wrywing of weerstand, is : 
- -
(a) ;{; (c) 
(b) 
f;{j (d) ... • 
9. In die skets li ~brood op ~ tafel. Die skets wat 
die kragte wat op die brood uitgeoefen word en oak 






In die skets swaai h seun h bal .wat aan ~ tou 
vasgemaak is in ~ horisontale sirkel om sy kop 
in die rigting soos aangedui. Die krag of kragte 
wat op die bal uitgeoefen word by A as gevolg van 






11 . In die skets hou ':1 man 'n baksteen in 
12. 
sy hand. Die skets wat die kragte wat 
op die baksteen uitgeoefen word en ook 
hul groottes die beste aandui, is : 
( .... \ 
\ Ct· j 
{' ) ,o (c) ( . \ U; (e) 
In die skets trek twee honde teen mekaar aan die teenoorgestelde kante 
van 'n tou. Die honde beweeg stadig na regs. Die skets wat die beste 
aandui hoe hard elk een van die honde trek, is 
- 8 --
AFDELING B. : INLIGTING 
In hierdie afdeling meet u die relatiewe grootte van dieselfde grootheid gv~ 
speed, afstand afgele ens. vir twee verskillende voorwerpe met mekaar 
vergelyk. Hier word weer eens pyle gebruik, maar nou dui die lengte 
van die lyn die relatiewe grootte van die grootheid wat ons vergelyk aan. 
By~oorbeeld, as ons die speed waarteen twee motors beweeg vergelyk, dan 
sal die volgende sketse aandui dat : 
(i) A en B dieselfde speed het. 
([]] a ' 
A 
(ii) B vinniger as A is. 





A tweemaal vinniger as B LS. 
AFDELING B: VRAE. 
In die skets staan n seun bo-op n tafel. 
Hy het twee ewe groot albasters in sy hand. 
Die swart albaster ~s twee maal swaarder as 
die wit albaster. Hy laat hulle gelyktydig 
val. Die skets wat die relatiewe spoed 
waarmee die albasters die grond tref, 
beste aandui, is : 
1 1 ! 
(a.) (b) (c) 
:2. Die dogter in die skets het twee ewe 
groot albasters in haar hand. Die swart 
albaster is twee maal swaarder as die wit 
een. Sy gooi hulle vertikaal opwaarts. 
Die albasters verlaat haar hand met die-
selfde speed. Die skets wat maksimum 
hoogte wat die albasters bereik die beste. 
aandui, is 
l l 










In die skets word twee ewe groat motortjies 
deur ~ seun teen ~ belling geplaas om resies 
teen mekaar te jaag. Die swart motortjie 
~s twee maal swaarder as die wit enetjie. 
Hy laat bulle op dieselfde oomblik vanaf 
dieselfde punt teen die belling los. Die 
skets wat die relatiewe spoed waarmee die 
motortjies die onderkant van die belling 
bereik, die beste aandui, is 
- 1 i 
' 
4. 
In die sketse hardloop h seun agter h dogter aan, haal haar in en hardloop 
by haar verby gedurende ~ wedloop. Die skets wat bulle .§poed die beste 
weergee op die oomblik wanneer die seun langs die dogter is, is : 
(.a) ' (c) 
12. 
5. 
In die skets word twee identiese motors teen 
'11 heuwel vasgehou deur twee mans. Die motors 
beweeg nie. Die motor by B is hoer op teen 
die heuwel as die motor by 0. Die skets 
wat die kragte wat elkeen van die mans moet 
uitoefen om die motor vas te hou die beste 






AFDELING C INLIGTING 
In hierdie afdeling word u gevra om die baan waarlangs 'n voorwerp met 
betrekking tot die grand of 'n stilstaande waarnemer ('n seun of dogter wat 
stil staan) sal beweeg te kies. Die vorm van die lyn dui die vorm van die 
baan aan en die pyl die rigting waarin die voorwerp beweeg, bv.~ Die. 
skets dui aan dat die bal in n kurwe na regs beweeg. 
AFDELING C : VRAE 
1. In die skets hardloop n seun na regs terwyl 
'n dogter hom dophou. Op die oomblik tJanneer 
hy langs haar is, laat hy n bal uit sy hand 
val. Die dogter sien hoedat die bal grand 
toe val. Die skets wat die baan waarlangs 
.. 
die dogter die bal sien val, die beste aandui, 
is : 
---7-
(a) (b) (c) (d) (e) 
2. 
14_ 
In die skets staan n seun binne in die vragruim 
van 'n toe vragmotor. · Die vragmotor beweeg na 
regs teen 'n konstante spoed. Daar is 'n gat 1.n 
die vloer van die bak en die seun wil n klip 
deur die gat laat val. Die skets wat aandui 
waar die seun moet staan om die klip uit sy 






In die skets swaai n seun n bal, wat aan n 
tou vasgemaak is, om sy kop inn horison-
tale sirkel in die rigting soos aangedui. 
Van bo-af gesien sal dit so lyk 
• 




Hy los die tou wanneer die bal by A is. 











-----·- _ .... .,._--
. . ---- .... ... \ ~ -..... 
··, :·. --- --·--·· ~~~ . ..... 
Die baan waarlangs die bal 
(b) 







4. In die skets hardloop ~ dogter na regs by~ seun 
verby. Op die oomblik wanneer sy regoor hom 
is, gooi sy ~ bal vertikaal opwaarts. Die 
skets wat die baan aandui waarlangs die seun 
















5. In die skets swaa~ b vader sy dogter 
speels in 'n sirkel in die rigting soos 




























Die baan waarlangs sy sal beweeg nadat by baar laat los bet, 
die beste weergegee deur· : 
...;- - - ......... --/ ,._ 
/ ' / 
..._ 
·~ '-.. .. 
/ ~ / 







' ' ' 
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' ' / ' ' ? ' / _Y 
- - - ... __ - -· - ... 
/ ' 
...... 















6. In die skets rol n bal vinnig oor n 
tafel in die aangeduide rigting. Dit 
val oor die rant. Die skets wat die 
baan waarlangs die bal grondtoe val die 




7. In die skets swaai n mann bal wat .aan 
'n tou· vas is in 'n vertikale sirkel voor 
hom. Hy los die bal as dit by A is. Die 
baan waarlangs die bal sal beweeg nadat hy 
dit laat los, is : 
\--- \J ' \ 

































AFDELING D. INLIGTT:NG. 
In die meeste vrae in hierdie afdeling word u gevra om die temperatuur van 
twee stowwe met mekaar te vergelyk. Dit kan u doen deur die lengte van 







A en B het dieselfd~ temperatuur. Hulle is 
ewe "warm". 
B het 'n hoer temperatuur as A. B 1.s "warmer" 
as A. 
lDie lesing op die termometer 1.n B is twee 
maal hoer as die lesing op die termometer wat 
in A 1.s. 
AF~ING D VRAE 
1. In die skets bevat die bekers dieselfde vloeistof 
en identiese termometers. Beker B bevat twee 
maal meer vloeistof as beker A. Die vioeistowwe 
~n albei bekers kook. Die skets wat die lesings 
op die termometers die beste weergee, is : 
A g A 0 A a 
(a) (b) (c) 
L:. In die skets bevat die bekers dieselfde volume 
van dieselfde vloeistof en identiese termometers. 
Die bekers word met identise vla~~e verhit. 
Beker B word met twee vlamme verhit. Albei 
vloeistowwe kook. Die skets wat die lesings 
op die termometers die beste weergee, LS : 
A B A B A B 
(a) (b) (c) (d) 
A B 
"' 8 8 
. !j 







3. Die skets toon 'n beker met water wat oor 'n 
vlam kook. Twee identiese termometers word 
in die kokende water geplaas soos a_angedui. 
Die skets wat die lesings op die termometers 
die beste vergelyk, is : 
~ --- 1-
~ ~: :~ 
·~:: - -· ~-= :: ..,. - -
(-) \0. (b) 
4. 
Op h koue winteroggend gebruik h seun 
'n t,e:tmometer Om die temperatuur van die 
plastiese saal van sy fiets te vergelyk met 







Die skets wat die les~ngs van die termometers die beste weergee wanneer dit op die 
saal en die stuurstang geplaas word, is 
(a) (b) (c) 
5. 
22 
Die s.kets toon water wat al 'n ruk lank 
in n beker kook. Borrels gas kom na 
die oppervlakte toe. 
heelwaarskynlik 
(a) lug 
(b) waterstof- en suurstofgas 
(c) waterdarnp 
(d) lug gemeng met waterstof- en 
suurstofgas 
(e) 'n mengsel van stiksto£- en 
suurstofgas. 


















P Kulo olu vavanyo okanye kulo olu viwo ndiza kukucela ukuba unike 
olwakho uluvo malunga neentlobo zezinto ezine ezahlukeneyo. 
Kwi Candelo A kufuneka uthelekise umahluko wemilinganiselo (sizes) 
wemisinga (forces) necala ethi imisinga ibheke isebenzele kulo. 
(Lo mahluko ndithetha ngawo, kufuneka uwuthelekise ngokubhekiselele 
kumlinganiselo wemisinga emibini, omnye komnye ubone ukuba nguwuphi 
omkhulu kunomnye) 
KwiCandelo B kufuneka uthelekise umahluko wemilinganiselo yezinto 
ezimbini ezahlukeneyo phofu zilingane ngokobume umz. isanty sazo. 
KwiCandelo C unyanzeleke ukuba ukhethe indlela ezakuhamba ngayo into 
emva kokuba kukho into eyenziweyo kuyo, okanye emva kokuba yenze 
into ethile. 
' 
KwiCandelo D ucelwa ukuba uthelekise amaqondo obushushu bezinto 
ezilulwelo ezibilayo kunye nenye into okanye ezinye nje izinto 
ezimbini. 
Xa uphendula le mibuzo kufuneka ne utikishe kulo ndawo ucinga ukuba 







Nceda unike zonke inkcukacha ezifunwayo apha kweli phepha le 




r ... CANDELO A INKCAZELO 
Kweli candela umlinganiselo womsinga uboniswa ngobude betolo (arrow). 
Intloko yetolo ibonisa icala osebenzela ngakulo umsinga. Umzekelo, 
imisinga emibini u-A no B xa besebenza emzimbeni bangaboniswa kanje 
(i) Xa umsinga u-A ubheka kwicala 
elahlukileyo ku-B uba mncinane ku-B. 
/'. . ,-- ·+ B .. 
(ii) Apha umsinga u. A no B bayalinga ngobukhulu e~ 
kodwa babheka kumacala ehlukileyo. A 4-t---+---+---=~'Ji· 
(iii) Apha akukho msinga uya ku-C. 
I-CANDELO A IMIBU.ZO 
1. Lo mfanekiso ubonisa intombazana iphosa ibhola 
nqo phezulu. Umfanekiso obonisa kakuhle imisinga 
apha ebholeni, emva kokuba ibhola iphume kwangoko 
ezandleni zentombazana ngu 
t 





2. La mfanekisa ubanisa intambazana isebenzisa 
iphini ukubetha ibhala ibheke phezulu. 
Umfanekisa abanisa kakuhle umsinga asuka 
ebhaleni xa ifike kweyana nda\'la iphezulu 
phambi nje kakuba iqale ukubuyela 
emhlabeni ngu : 
(b) (c) 
3. La mfanekisa ubanisa itayari elijingiswe 
ngentambo ebotshelelwe esebeni lamthi. 
Umfanekiso abanisa kakuhle nathelekisa 
imilinganisela yemisinga ephuma isuka 
etayarini yile : 









Lo mfanekiso ubonisa inkwenkwana igibisela 
ibhola, isuka kuyo ibheka phambili,. 
Umfanekiso obonisa kakuhle umsinga (ubandakanya 
ungquzulwano kunye nokunyamezela) usuka . 
. . . kokuba isukile ezandlen1 ebholen1 emven1 nJe 
zenkwenkwe ngu : 
•9 ' 
(a) (b) (c) 
Le mifanekiso ibonisa intaka enye ihleli emhlabeni 
okwesibini ibhabha nje emoyeni kangangekhulu 
leemitha f100 metres) ukun.yuka. Imifanekiso 
ethelekisa kakuhle umlinganiselo onombizane 
•womhlaba entakeni xa ihleli emhlabeni naia 
ibhabhayo yile : 
(a) 









Lo .mfanekiso ubonisa izinja ezimbini zitsala-tsalana npen~xowa. 
Azishukumi tu. Umfanekiso obonisa kakuhle amandla etsala ngawo 
inja nganye ngulo : 
{b)~?~ 
(c) -::sE? 
7. Lo mfanekiso ubonisa umfazi ephethe i-emele 
ngesandla. Umanekiso obonisa kakuhle I 
nothelekisa imisinga esebenza kwi-emele 
enamanzi ngulo : 
(a) (b) (c) (d) (e) 
-5-
8 . 
Lo ubonisa inkwenkwe ityhala inqwelo. 
Le nqwelo ayishukumi kuba ixinge esantini/ 
emhlabeni. Umfanekiso obonisa kakuhle 
ubungakanani bamandla ale nkwenkwe. etyhala 
ngawo xa uthelekis-wa nemisinga engquzulanayo 





~. Lo mfanekiso ubonisa isonka esiphezu 
kwetafile. Umfanekiso obonisa kakuhle 
nothelekisa imisinga esebenza esonkeni ngulo 
I 
Lo mfanekiso ubonisa inkwenkwe ijikelezisa 
ibhola, ebotshelelwe entanjeni, eyijikelezisa 
entloko. Amandla omsinga asebenza 
kwibhola engu-A ngenxa yentshukumo 
eyenzekayo kuyo (ingashukunyiswanga 




11. Lo mfanekiso ubonisa indoda enhethe 
isitena ngesandla. Umfanekiso obonisa 
kakuhle ukusebenza. kwemisinga esiteneni 
ngulo : 
(a) ('b) (c) (d) (e) 
Lo mfanekiso ubonisa izinja ezimbini zitsala-tsalana ngentambo, 
iyileyo ibhekisa kw·elayo icala. Zibheka zi tshotshobela kancinci 
kwicala langasekunene. Umfanekiso obonisa kakuhle amandla etsala 
ngawo inja nganye ngulo : 
(b)~ 
.• ---"£"'"- . ._. ~ 
--
-z-
ICANDELO B INKCAZELO 
Kule mifanekiso kufuneka uthelekise 
ubungakanani bokulingana kwezinto 
ezifanayo. umz. amendu, umgama ohanjiweyo, njl., 
ziiinto ezingafaniyo. Apha amatolo 
asetyenzisiwe, kodwa, ubude bemigca bubonisa 
ubungakanani bala mendu sizama ukuwathelekisa. 
Umzekelo, ukuba sithelekisa isantya ezihamba 
ngazo ezi moto, ngokuqinisekileyo le mifanekiso 











U-A no-B b~nesantya esilinganayo 
U-B ubaleka ngaphezu kuka-A 





I-CANDELO B IMIBUZO 
Lo mfanekiso ubonisa inkwenkwe ime phezu kwetafi~e. 
kwetafile. Inamabhastile amabini esandleni. Eli 
limnyama linobunzima obuphindwe kabini kunobelinye 
ibhastile elimhlophe. Uwalahla omabini ngaxeshanye 
. -
phantsi. Umfa:nekiso obonisa nokwathelekisa izantya 
afike ngazo emhlabeni ngulo : 
• 
l 
(a) (b) (c) 
Lo mfanekiso ubonisa intombazana iphethe 
amabhastile amabini~ elimnyama nelimhlophe. 
Elimnyama linobunzima obuphindwe kabini 
kunebhastile elimhlophe. Ngoku uwaphosa 
ngaxeshanye omabini phezulu ngesantya 
esilinganayo. Umfanekiso obonisa kakuhle 











Lo mfanekiso ubonisa imoto ezimbini 
ezimiswe yinkwenkwe ethambekeni, 
izithelekisa amendu azo. Le imnyama 
inobunzima obuphindwe kabini kunoba 
le imhlophe. Zisuka ndawonye 
ngaxeshanye kweli thambeka. 
Umfanekiso obonisa kakuhle izantya 
eziya ukufika ngazo ezantsi ngulo : 
-11-
--------
Le mifanekiso ibonisa inkwenkwe ebaleka emba kwenye, idlula 
intombazana elugqatswen. Umfanekiso othelekisa kakuhle 
isantra engelixesha le nkwenkwe ibaleka ecaleni kwentombazana ngul 
(.a) ., (c) 
5. • 
-1 2-
Lo mfanekiso ubonisa iimoto ezifanayo 
zibanjwe ngamadoda amabini endulini. 
Ezi moto zimile. Le nqwelo ikufuphi 
no-T ingentla kwale ikufuphi no-B. 
Umfanekiso othelekisa kakuhle 
ubungakanani bamandla ekufuneka 
indoda nganye ibenawo ukubamba ezi 
moto ngulo : 
( 
-13-
I-CANDELO C INKCAZELO 
Kweli candelo ucelwa ukuba ukhethe eyona ndlela ethi into ihambe ngayo 
ukuya emhlabeni okanye njengoko ibonwa ngulo mntu (inkwenkwe/ 
intombazana) erne ngxi. Isimo somgca sibonakalisa isimo sendlela nentloko 
yetolo, kulo mgca ibonakalisa icala eya ngakulo loo nto. 
Umzekelo ~ Lo mfanekiso ubonakalisa indlela eha .jwa yibhola 
bugoba isinga ngasekunene. 
1. I-CANDELO C IMIBUZO 
Lo mfanekiso ubonisa inkwenkwe ebalekela 
ngasekunene idlula le ntombazana, ilahla 
ibhola ebiyiphethe. Le ntombazana iyayibona 
le bhola xa iwayo. Umfanekiso obonisa 
kakuhle indlela le ntombazana ayibona ngayo 
le bhola za iwayo ngu1o'
7
: -> 
(a) (b) (c) (d) 
____ u 
(e) 
2. ' ' ' 
-14-
Lo mfanekiso ubonisa inkwenkwe emileyo emva kwinqwelo evalekileyo. 
Le nqwelo iya ngasekunenen ngesantya esithile. Kukho umngxuma 
phantsi kule nqwelo kwaye le nkwenkwe ifuna ukulahla ilitye ngalo 
mngxuma. 





3. Lo mfanekiso ubonisa inkwenkwe ejikelezisa 
ibhola, ebotshelelwe entanjeni. Le bhola 
ijikeleziswa phezu kwentloko. Xa lo mfanekiso 
ujongwe, wavelwa ngentla ubonakala ngolu hlobo 
·~_ .... .., _ _._._. ___ ·~·· ,-
...... -.. - ,.... - ... ·~ --... 
~ (.l \ \ ~~~ -----..!llrr.... \' Q¢>G:J' 
. -,.. . -- --- ~-·--·· . • .. _, • r. 
Xa ivelelwe ngentla yobonakala ngolu hlobo 
.. ,-,_, 




.. __ .... .,.,. 
Uyeka intambo ihambe xa ibhola yona iku-A. 
Indlela ehanjwa yibhola emva kokuba ikhululwe yile 
(a) (b) 
... 
;..~ ) .. 
I ' )-\ ... ' , , ' 
~ .. ~ 
t. ··- . ___ : .. ___ -(c) 
-16-
4. Lo mfanekiso ubonisa intombazana ebalekela 
ngasekunenene idlula enkwenkweni. Xa kanye 
idlula enkwenkweni igibisela ibhola ngokuthe 
ngqo · ibheice phezulu. Umfanekiso oyibonisa 
kakuhle indlela inkwenkwe eyibona ngayo indlela 







5. Lo mfanekiso ubonisa intombazana 

























Uyise uyayiy,eka xa iku-A. Umfanekiso obonisa kakuhle 




' ' _, 
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' ' ' ' 
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6. Lo'mfanekiso ubonis~ ibhola iqengqeleka 
ngamandla phezu kwetafile, ibheka 
kwicala langasekunene.Yakufika esiphelweni 
setafile iyawa. Indlela eya kuhamba ngayo 
ukuya emhlabeni ibonakaliswe kakuhle apha 
(a) (b) 
(d) 
7. Lo mfanekiso ubonisa indoda ijikelezisa 
ibhola ebotshelelwe kum~ya ophambi kwayo 
Uyayiyeka intambo ihambe xa ibhola iku-A. 
Indlela eza kuhamba ngayo ibhola xa 






ICANDELO D INKCAZELO 
Kweli candelo, kufuneka uthelekise amaqondo amabini obushushu. 
Oku kuthelekisa uya kwenza ngokuthi uthelekise ubude bendawo ehanjwa 
yintsimbi yezixhobo zokulinganisa iqondo lobushushu k~izixhobo, 





1- f-- ... 
I- ~--- ... .....____.. 
A s 
uA noB bakwiqondo lobushushu 
uA noB bakwiqondo elifanayo 
Zombini ziyalingana ngobushushu 
Iqondo lobushushu lika-B 
lingaphezulu kuna ku-A. 
U-B ushushu kuno-A. 
Ubude bendawo ehanjwa yintsimbi 
yesixhobo sokulinganisa iqondo 







Lo mfanekiso ubonisa iibhikha (beakers) 
ezimbini eztnamanzi ngokulinganayo 
zinezixhobo ~zimbini ezifanayo zokulinganisa 
iqondo lobushushu. Ibhikha B inamanzi auhindwe 
ngokubini kuno-A. La manzi kwezibhikha zombini 
abiliswa ngomlilo olinganayo, zombini zibila 
ngokufanayo .. Umfanekiso othelekisa kakuhle 
iqondo lobushushu kwezi zixhobo ngulo : 
(a) (b) (c) 
Lo mfanekiso ubonisa iibhikha ezimbini 
ezinamanzi alinganyao nezixhobo ezifanayo 
zokulinganisa iqondo lobushushu. La 
manzi abiliswa ngobushushu obulinganayo. 
UBhikha A ubaselwa ngomlilo omnye kodwa zombini 
zombini ziyabila. Umfanekiso.othelekisa 
kakuhle amaqondo obushushu kwezi zixhobo ngulo : 
A 8 A 8 A B 









Lo mfanekiso ubonisa amanzi abilayo 
emlilweni. Izixhobo ezimbini ezifanayo 
zokulinganisa iqondo lobushushu (thermometer): 
zifakwe emanzini abilayo nje ngoko uzibona. 
Umfanekiso othelekisa kakuhle ubungakanani 




. ~ - -
~.: :: t_: :: 
(a) (b) 
N~ntsasa ebandayo yobusika inkwenkwe 
isebenzisa isixhobo sokulinganisa 
ubushushu (thermometer) ukuthelekisa 






nobushushu bemiphambo yentsimbi yebhayisekike. 
Umfanekiso othelekisa kakuhle amaqondo 
obushushu kwizixhobo ngulo : 
(a) (b) {c) 
5. 
. Lo mfanekiso ubonisa mamanzi esekuluthuba 
ebila kwibhikha (beaker). Amaqamza egesi/omoya 
anyukela ngaphezulu. La maqamza athanda 
ukuba nezi zinto zilandelayo : 
(a) Umoya (air 
(b) Ihaydrojini (hydrogen) nomongomoya (oxygen) 
(c) Umphunga 
(d) Umoya oxutywe nehaydrojini kunye nomongomoya 









APPENDIX B: STATISTICAL DATA 

. .. 
Origin Standard Se:-: 
Bovs Girls Tote:"tl 
4 1 '"")"";~ ..:_._. 1 ~58 281 
~ 1.35 159 :::94 
Caoe 6 124 1~50 Tl4 
/' 161 149 310 
8 164 97 261 
9 218 196 414 
Total 925 909 1S::::A 
4 74 78 152 
c·· 
~1 67 99 166 
Transkei 6 72 77 149 
9 7 18 2~5 
Total 22<) 272 49::·~ 
Area Standard Se:-i 
Boys Girls Total 
4 78 111 189 
5 97 111 208 
Town 6 86 101 187 
7 110 102 212 
8 116 63 179 
9 140 128 268 
Total 627 616 124:3 
4 45 47 9·-:· ..:.. 
0::: 
~· 38 48 86 
Country 6 38 49 87 
7 51 47 98 
8 48 :::!A 82 
9 78 68 146 
Total 2:98 2:93 591 
• 11 
f:.lr-ea Standar-d LanguagE· 
AfF. Eng. Other- Total 
4 89 97 2 189 
~ 107 98 ' ~· 208 
Town 6 87 99 1 187 
7 82 127 ""'!" ·-· 212 
8 75 97 7 179 
9 150 117 1 268 
Total ~·90 6~;~, 17 1242 
4 81 10 1 92 
5 75 9 2 86 
Countr-v 6 76 9 :3 88 
7 97 1 0 98 
8 8 . ..., L (l (l 82 
9 1:<.:<. 10 ~· ·-· 146 
Total 544 39 9 592 
• 11> 
..... Q .. ; .... _Q.~,~§' .. 2 .. tJ: .. <::.~IJ .. r.l.§\l .. r:~€ ....... C.~.2.Q.PD .. 2.~ ..... .2 ... t.~ .. ti.2.t. .. i.<; .. 2 .. !. .. 
Duestion A 1 . 
Options. Total . 
a b c d e 
Ovet'·a l l ~~:;4 -:!'-=!' 6.,::::; 12 14. 7 1.00 ·-··-' 
Ca~:le. 31 r) ::::;::::'. 7 1. .8 13.4 20.8 ':"j9 • C_-J . ..:.. 
Transk.ei. . 44.4 1c;·.o 17.9 9. 1 9. 7 .1.00 • .1. 
Caoe: 0 
Std .4 -::::7 ::::.3, E~ 1..8 1'":·· ..:.. " <:: ,_, 24.9 100 
Std <:: .-,r:, 1 38. 1 1 14.6 24. 1 99.9 . ~· ..:....:... .. 
Std . 6 45.:::: . 25.9 2 .. 6 1 -:~· ·-· . 1 1 :~~; . 1 100 
Std .7 41 ·:: 26. 1. 4.8 1.0.6 17. 1 9''::f .. 9 . ·-·' 
Std .8 28 49.8 :s. 4 11. 9 6.9 .1.00 
Std.9 Sc . 16.6 ::.'·7 4 a3 10.6 11 . t:.: ~ ~· 1.00 
Std~9 NSc :::;;c;-. 7 27.4 c:; 17 9 10. 1 100. 1 . •·' 
0 
Aft- i kaans. 28 43 ~ .. c:: 11. .,3 1.:':·.2 100 ~· 
Enqlis:.h. ~56. 2 :::::1 -:: . ·-·' 4 ':.' 1::::;. 7 14.6 100 
0 
BD\IS. 29. 7 41 -:: . ·-· 3.6 11 .6 1.3.8 .100 
Girls. "":" . ..,. 1 31. .9 2.8 1.4. 1 18.':::: 100. 1. ·-=··-:· f;l 
0 
Town . 27. 5 41 .9 2 1.2.4 16.3 1.00. l 
Country. 32 .. 7 :::;;c;-. I:: ::: .4 11 .6 1::::;. 8 100 ~· 
(l 
Transkei : 0 
0 
Std . 4. c::~. 20.4 1 :=::.. 1 4. t;. 7. '7 100 \-•..::.. 
Std 5 48.8 1 "':• ~:. 22.6 1::: r:: 11. 1.00. 1. . . ..:.. . -'- ~· . •·' 
Std . 6. 31 • 8 25 1 t:· • a= ~· 1.7.6 10. .1 100 
0 
Boys. 47.2 20. :::;; 13. 7 10. 4 8. 5 100. 1 






































::::;1. "":!' . ·-· 
31 .7 
27.4 
19 . 7 
r-,.--, 
L..L . c_~· 
~.o::: ..., 
.L ~I . ..::. 
20 . 7 
::4 a 2 



















28 a 3 
24 . 7 
21 . 8 





~..:: • .L 
14.6 
24 a '=f 
20.4 
21 .·-\ . aL. 
18.8 
1~:0. 8 
11 a 0::: ·-' 
19 
17 





13 r•, . ..::. 
6 
.-,a=; 
L.'\-1 . ·=t 
18 . c ·-· 











lr", ..,. . ..:.. .. ·-' 
11 .9 
1~l. 3 
1:-2 a 8 
17 
..,.. .. _:. 
28 . -::· ·-· 
~S9 . 8 
fw\-:r 
...;:. . .; . a 8 
31 1::: . ~· 





.. :.. • ... • a 5 
16.8 
16.9 
2:'5 a 8 
28.9 
17.3 
21 .. 2 
~-:·'"':!' 0::: 




21 .. :~: 
10 0::: . ~· 
6 a 6 
3 . 4 
7 



































Question {:.j -=:· ._1 II 
notions. 
C:\ b c d e 
Over·al 1 17.2 12.:3 15.2 1.9.7 35. ~ 9(7'. 9 
Cape. 12.4 17 1 r-, L,. 1. 1.6.2 4-2. :? 99.9 
Transkei . ~ •• 4 4 . ~ 13. t::: 48. 1 28. c:: 100 . ~· ~· 
Caoe: 
!:ltd .4 1.1. . 1. 20.4 1.2.2 1.7 .9 ::::;8. 4 100 
Std . c; ~· 1 ~j. 6 16. ~~; 11. .6 10.2 46. ::::; 100 
Std .6 1.0.3 1.4.3 12. ~f 2l. 41 .9 1.00 
Std l 2(). 3 1 ..,. ,.., 17 .4 1.5. c; -::- ·-;: t::: 9'::; .9 . ·-=· • ..::. ~· ·-'·-1 II ~· 
Std .8 24 .7 .1.4.7 1.9.7 6.6 34.4 1.00. 1. 
Std .9 c- 48.9 7 .7 16.2 2.6 24.7 100. 1. '-'L . 
Std .9 NBc . 12. ::::; 1..1. q . ..::. 1.9.6 1.4 4 -~· ·-· 100. 1 
0 
Afrikaans. 26.8 13.9 .1.6. t::: ~· 9 ::::;3. 8 100 
Enql ish. 17.6 12.7 1.3.::::; 1.5.4 40.9 99.9 
0 
Boys. 22.4 .1.3.4 14.8 9.6 40 100.2 
GirJ.s. 18 j c:· • .., _.._1 • ..:- 1 !'.'.i. s:· 1.6 ~~~ ~~ 100. 1. 
0 
Town 24 .8 13.3 16.2 10.2 3~1 n t::: 100 . ~· 
Count:rv. 1.9. t:• ~~ 1.6.4 16.6 1.2. 5 ::::;s 100 
0 
Transkei : 0 
0 
Std .4 c:: -:; 2.6 12.6 ~,(). 3 29 1 9•-::; • c:; . ~· . ·-· . 
Std ~ 4.8 :::;; • 6 1.:3 "3 54.8 ::·~::::; ,. t::: 100 . ,_, 
Std • 6. 6 7.4 14 .8 ::;a. 3 33.6 100. 1 
0 
Boys. "";'!" -:; ·-·. ·-· 2.8 11 .8 42.9 :::!8 .:2 .1 (H) 































































































:::;; . 8 
1:3.4 
B . .l. 
12.4 
8.8 
it .. 9 
10.6 
13.1 





































Question A 6. 
Clot.ions. 
a b c 
Clveral 1 49.8 18.8 ::a -~· 99. '7' II ._,1 
0 
Cape. 39. 1:: ~· 14.7 4~5. 8 100 




Std .4 -:;r-;. q ,_t,..:_ II I 16.4 !'50. 7 100 
Std . c:: ~· 3~5.-1 14.~.) !:)() 100 
Std .6 ::;.o. 4 .1.3. 1::: ~.::.6. 1 .100 ~· 
Std . 7' 6::::: • 5 .1.0. ~:. 26. 1 '7'9. 9 
Std .8 67 1 ~1 11 ~.::; 17.6 99.9 
Std .9 Sc . 74 14 1.1 .9 99.9 
Std .9 NSc 49.2 21. 
,., .-·ir"J .. .tOO . . ..~::. ~-;.b 
0 
Afrikaans. !';-' ~I 1 :·2. 6 ::;;(> .. 3 '-79. 9 
Enqlish. ~)8. 7 14.4 :;~6. 9 1.00 
0 
Bovs. 60.2 .14.3 25. 1::: 100 ~· 
Git-ls. 45.4 1.5 :::::9.6 100 
0 
Tov-m ~52. 6 14.4 ~;:~ 
{ .... 9Ci' a 9 . . 7 
Countrv. ~5:? J:::: .• 4 ::::A.6 100 
0 
Transk.ei : () 
0 
Ste:l .4 . 4·3. 4 ~::.~.:; . 6 2~:!. 100 
Std 5 ::::A.9 40.4 24. 
..., 1.00 . I 
Std • 6. 36. 1 28.6 3~:, 114 100. 1 
(l 
Bovs. 39.6 3~~~~8 24·. !:t 9'-=t • ·=t 








































9 a ~I 
6.6 
10.3 

















































































~--· • • _1 
28.7 











































































r-·, r.:: r'l 








































































































































































































































-r --..· Z::: 
..::• I .• ~l 
.100 





















































Gi r-·1 s .• 
26.1 


























1 :i. 2 









































.. ,. ....... ..--, 










..0:...·-' ., I 
24.6 
41.8 

















































































































1(> • C;1 
13.4 
1::::;. 1 
l ==· . ::1 
c 
12.8 
1 --:7' --::• .._ " ... _ 



















































2~.) a 2 








































Question ?4 12 
Options:,. 
C:l. b c 
0 
Over-a! 1 11. ~~; 11 .4 77. ~~; 100 
(l 
Cape. 7 .9 7 ,-, ...::. 84.9 100 
Transk.ei . ::::;~: • ~I ::::;::::;. 1. -:;·--;:· -::· 





Std.4 8.9 7.8 8::::;. ::::; 100 
Std. ~i 6.B 7.8 8::). 4 100 
Std.6 8 5.8 86.1 99. i::; 
Std. "7 4. 5 c:· t:.: 90 100 / ~'. •·' 
Std .8 ·-:· "":!' .-; 7 95 100 ..:... . ·-· .S::.a 
Std .9 Sc . 0.4 1 .,. II ,_1 98.3 100 
Std.9 NSc. "? -:~ It·-' 8.4 84.4 100.1 
(l 
Afr-ikaans: .• ~s. 9 4.7 91 a !:1 100.1 
Enqlis:h. 5.4 4.8 89.8 100 
0 
Bovs. ~~; 4 .. ::::; 9.-' ' Lab 99. ':; 
Gir·ls: .• 8 6.9 go::: ~· 99.9 
0 
Town. ~I a 4 ~·-4 89.2 100 




Stc:l . 4. 32.5 37.1 ::::~c) a ~. 100 . .i 
Std.5 ~30. 9 ::::;3. 9 35.2 100 
Std.6. 37 .6 28.2 34.2 100 
0 
Bovs:. 32.4 31. ~· 36.2 .too. 1 
Gir·ls. :::::4 .. f, 34.5 ::::;1 100 
• (,> , . 
G!uestion B 1. 
Ootions. Tot.aJ. 
C\ b c d e 
Over-al 1 29. :;;: 1.1 .6 ::::; • 7 50.6 4.9 100 
0 
Caoe·. 28 • ~I 10.8 r; r"\ .a:: .. ..:: ~·4. 6 3.8 99.9 




Std.4 .10 11 .4 3.9 69.4 5.3 1.00 
S td a ~i z:::.1 1. !:i. 6 2 ~.4 .1 !'.L1 99.9 
St.d.6 c:· -"1'· 1:: ,_).,). ,_) 5.1 0.7 39.9 0. 7 9'~ a(') 
Std.? ::::A.8 9.4 1. 53.5 1. ~-. ·-· 100 
Std.8 34.1 8.4 1 a l :r:::;. 6 r, ~ . .::. • J 99.9 
St.d.9 Sc . 39.1. 6 0.9 52.3 l . 7 100 
Std.9 NSc. 20.7 14 2.8 60.::::: ,.-., ....., ..::.c...:: 100 
(l 
At t- i kaan!:: .. 34.9 8.3 1.3 ~~3 2.4 99.9 
Enc;ll ish. 39.6 1.0.6 1 4·6.9 1. .9 100 
0 
Boys. 42.5 9 0.8 47.1 0.6 .100 
Gir-ls. 19.3 10.9 :~. 8 6::: a J c:: ~' 100.1 
0 
Town. :::!A.4 8.6 0.8 ~·3 • .1 " ·-::· ._, ft i 100' 




sta.4. 18 1.9.3 .11. ~.::. 3:: •. 3 1.6 9'~. ·~ 
Std.5 22.9 18.7 8.4 36.7 1. ~s a ::::; 100 
Std.6. 29.3 15.6 11.6 :::::4.7 8.8 100 
0 
Bovs. T5.8 17.6 7.1 42.9 8.6 100 
Gi.t-ls. 22.9 18.2 1-::· ··-· 29.6 16.2 99.9 
.. 
Ouest ion B r-, ..:.:.. 
Dotions. Total 
a b c d e 
0 
Dve·r-al l 20.7 47.4 8. :;, 10.7 .12.8 100.1 
0 
Cape. :24 a 3 47.7 6.8 9.7 11 
0::: 100 . ~· 




Std.4 24.6 1:'' r .-, ~1b • ..::. 4.6 7 . 1 7. :;, .100 
Std.5 2'-1-. 2 4:: •. 7 9.6 10.6 9.9 100 
Std.6 24.2 41 6 '";.> . ~ 11.4 17.2 .100 
Std.7 r";o'") -=!' ..:....:.. a·-' 53 .. 2 ~;. 9 9.7 1.1 100.1 
Std.8 13.8 59 5.7 6. !:· 14.9 99.9 
Std.9 Sc. 12.8 ~17. 4 4. ::::; 6.4 19.1 .100 
Std.9 NSc . 17.9 :;.:::;;. 6 5 14 9.5 100 
0 
Afrikaans. 18.2 :;.4 5.5 9. =· 12.8 100 
Enqlish. :·~2 46.4 6.6 8. !:· 16.6 100.1 
0 
Bo-ys. 18.8 4:::::.6 7.6 11 . 1 18. E3 99.9 
Girls. 21.9 60.7 3.7 7.3 6.4 .100 
0 
Town. 18.3 53.2 c: ' ~·. b 1(>. 2 12.7 100 




Stcl . 4. :::::1 . 1 2~~. 3 1~~. 2 12.6 1::•.9 100.1 
Std.5 18.2 29.1 23.6 17 1:::' .1 100 
Std . 6. 16.9 31.8 17.6 21 .6 12.2 100.1 
0 
Bovs. 23.7 26.1 :~1. 3 1~5. 6 1~5.:; 100 
Gir-·ls. 20.6 30.8 17 18.2 1:::::.4 100 
. 0 
Question B -:r ·-· . 
Dotions. Total 
a b c d e 0 
0 
Over-a 11 16.4 38.6 13.8 11 . 1 20.1 100 
0 
Cape. 17.7 39.1 12.1 12.9 18.2 .100 




Std.4 17. 1 38.8 6 14.6 r-.-:r r: .,.::.._:, n ~l 100 
Std.S 22.4 41 .2 9.9 11.6 11::: ~· 100 • .1 
Std.6 .13.3 ::::;7 n ~~; 20.7 1:2 a ~I 16.2 .100 
Std.7 15.2 45. 1::: 12. <:;.' 10. :::;; 16.1 100 ~· 
Std.8 16.9 47.1 12.6 7. :::;; 16.1 100 
Std.9 Sc. :::c> 46.4 12.8 6.4 14. 0::: 100. 1 ~· 
Std.9 NSc . 17.9 36.9 12.:; 10.1 22.9 100.1 
0 
Afrikaans. 16.7 4~:.. 9 12.4 8.7 16.3 100 
Enqlish. 18.7 40 15.6 11 -:r . ·-· 14.4 100 
0 
Boys. 21. 1 4!:.i. 9 15 8 10 100 
Gir-ls. 1::::;. 8 38.1 9.8 1~.::.. 1 .--,c.: .-·\ ..:.:. '-' Jl' .L 1.00 
0 
Town. 19.7 40.2 1::::;. 8 8 18. ~.:;. 100 




Std.4. 7.9 25.7 r;c.- -..::. ,_:, • I 13.8 27 100.1 
Std.5 1 ~) .. {.;:• 20.7 1 c:: ~, '-' • L 11. .6 ~.::.6. 6 1(H) 
Std . 6. 1::::;. 6 32.7 19 1~.::;. 6 2.1 . 1 100 
0 
Boys. .11.5 28.2 19.1 1~' ..::. 29.2 .100 
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7 1:: ,.., '-' • .a::. 
-r-;a· -;a· 




























































Glues t :Lon B 5. 
DDtions. Total 
a b c 
Civer-al 1 46.B 38.2 .1.4.9 99.9 
0 
cc::~oe. 4'=: r-, ~' . ..:.:. 40.5 14. ~5 100 




St.d.4 44 .LJ. 3'7. 8 1!':·.8 .1.00 
St.d.:'.:i 40.1 46.9 12.9 99.9 
Std.6 51. !':r 34~2 14.3 100 
Std.7 54.8 ~.:::7. l B.l 100 
Std .8 46.7 45.2 8 99 .':.:; 
Std.9 Sc. 4-9.1 44.9 6 100 
Std.9 NSc. 5~.:.. 9 31. ~.::; 12.8 .100 
0 
Afr-ik.aans. 48.7 40.9 10.4 .100 
En[Jlish. 48.1 42.5 9.4 100 
(l 
Bovs. 42.9 47.6 9. ::. 100 
Gir-ls. 54.4 ~~:.2. 8 .1.2.8 100 
0 
Tov-Jn. 52 37.6 10.4 100 




Std. 4. 48 27 r-, c: L,_l 100 
Std • !:• 40.7 25. ~~ ~;4 100 
Std. 6. 3~5. 1 40.7 26.2 100 
0 
Bovs. 40.4 29.8 2'7. 8 100 



































:: •. 8 
5.9 
12. ~· 



























22 .. ~· 
.1.4.1. 
2(> D 3 
r:•'") "":!' 





































.. :·· ... ") a::: 
._; ... :.:. • .._1 
30.7 
28. ::. 














































Que~;tion c r•, L 
0Dtions. 
a b c 
Dvet-a 1 J 26. '7 62. :? 11.1 100 
0 
Cape. 28.6 60.7 .10.7 :!.00 
Tr-anskE·i. 14.1. 73.9 12 100 
(l 
Ca. De~ 0 
0 
Std.4 24.6 64.1 11.4 100. 1 
Std.~· 26.9 64.6 8.5 100 
Std.6 ::::'A.6 ::~~2 II/~ 1', t::: L • ~~ .100 
Std.7 :?8. 4 58.1 13. ~. 1.00 
Std.8 36.8 52.5 10. 7 100 
Std.9 Sc . 29.6 63.1 7.3 100 
Std.9 NSc . 29.8 60 . .1 10.1 100 
0 
Afr-ikac:,ns. 30 . .1 ::.s. 9 11 100 
Enqlish. 32.1 57.5 10.4 1.00 
(l 
Bovs. 3~i. 8 ::.7. 7 6. ::. 100 
Gir-ls. 24 61 1~· 100 
0 
Town. 28a7 ~8.4 11.9 100 




Std.4. 1.1. :; 79. ~=. 9.3 100.1 
Std.5 8.5 80 11.5 100 
Std.6. 23.6 61 • .1 1~~. 3 100 
0 
Bovs. .t:: •• 4 7!:·. 5 9.1 .100 
Gir-l: .. 1~.::;. 1 72.6 14.3 100 
. Q 
Glues t i or-·, c -=!" ·-· 
Options. 
c\ b c d 
0 
Over-all 21.4 20.6 11.7 46.4 100.1 
0 
Ca.oe. 22 .. 9 18.1 7.5 !:li.~· 100 




Std.4 20 .17.9 6.8 ~~~:1 n 4 100.1 
Std.5 27.2 19 9.9 4::::;. 9 100 
Std.6 21.1 17.4 ~·.6 5~·- 9 100 
Std.? ,....,,... -,. ...::. . .;: .• ·-=- 22.3 8.4 47.1 100.1 
Std.8 :?2" 7 27.3 7.7 4~' -:· ..::. a • .:.• 100 
Std.9 Sc. 2L:. '7 2S:'. :2~ 7.3 40.8 100 
Std.9 NSc. 17.9 26.8 7.8 47. :'o 100 
0 
Afr-ikaans. 23.4 23.3 8. ~· 44.8 100 
Enol ish. :?3. ::::~ ::1.6 7.1 48 100 
0 
Bovs. 25.6 28.4 9.5 36.5 100 
Gir-ls. 18 16.3 5.8 59.1 99.2 
0 
Town. 20.7 24. ~~ 7.1 47.6 99.9 




Std.4. 12.7 14.7 29.3 43. :~; 100 
Std.5 19.4 13.9 27.9 38.8 100 
Std.6. 19.9 12.8 26.2 41.1 100 
0 
Boys. 18.8 13 21.7 46.4 99.9 
Gir-ls. 16.1 14.5 32 .. 9 :s6. 5 100 \, 
.. 
Ouest ion c 4 
DDtions. 
a t-, c d e-
Ove1r·a 1 1 ::.4 .14.7 20.8 :22 u 9 7.6 100 
0 
Cap'e. 30 18 20.6 23.9 7 .. ~· 100 




Std.4 3:~ tl 4 18.5 2(>. 3 21..4 7.5 100. 1 
Std.5 :::9"3 .1.7.7 20.7 24-. '"' 7.8 .1.00 ~· 
Std.6 28.3 17.7 20.8 26 7.2 .100 
Std.7 32 . .1 14.3 17.2 25a 3 1..1. 99.9 
Std.8 27.4 10.4 26.6 29. 7 ~.:.. 8 99.9 
Std.9 Sc. 22,9 8.7 :::P. 7 :~6 4.8 100.1 
Std.9 NSc. '")"";!" .-:...·-' 1.9.7 18.5 28.1 .10.7 100 
0 
Afrikaans. 28.7 13.8 25.3 24 • .1 8.2 .100.1 
Englis:.h. 27.2 15 22.1 29.3 6_. 4 100 
(I 
Bovs. 26.4 8.5 32. ~· 26.9 ~~.8 100. 1 
Girls. 30.5 ~.-, r·~ .L.a::. • ..::. 13 24.4 9.9 100 
0 
Town. 28.6 13.4 24.1 24.8 9.1 100 




Std.4. 6~5. 8 .11.4 10.1. 7.4 5.4 100. 1 
Std.~~ ~·1 '"") 11.4 13. ~5 15.7 8.4 100 • .a:... 
Std.6. 5~· 15 11.4 1:2:.9 5.7 1.00 
0 
Bovs. ~·4 .1 8.3 16.1 15.6 ~ •. 9 .100 














































































































































Gluesticm (' -· 6 
0Dtions. 
a b c d e 
Overal l 14.1 2.7 7..6 30.2 4~5. 4 100 
0 
Caoe. .14.B r'l r; .. ::.. . ..::. 7.!::1 ':?..7. 5 47.8 100.1 




Std.4 14.6 -,· r"\ · .. :., L 7 . 1 24.6 50.:_:, 100 
Std.5 1.6.~~; 1..7 !::1.2 r-, t: c ..::. ..... •" .. J 48.3 l.OO 
Std.6 13.4 1 • :_:, 8 32.8 44. :; .100 
Std.7 10.5 0. ::::; 5.6 29.7 5::::.~ 9 .i.OO 
Std.8 8.6 1.6 9 20.7 60.2 100.1 
Std.9 Sc. 8.3 1. "=!' .. ·-· 5.2 :?1. 8 6~.). ~; 99.9 
Std.9 NSc. 12.4 2.B 10.1 :~;o. 9 43.8 100 
0 
Afrikaans. .11. 7 1 6.9 24.8 -~.5. ~~ 9'-7. 9 
English. 1.1.4 1 .6 7.8 2B.7 50.6 1.00. 1. 
0 
Bovs. 8.1 1 . 1. 7 14.4 69.4 1.00 
Girls. 16. ~~; 2.4 B 38.9 ::_::;.q. a =• 100. 1 
(i 
Town. 1.'"!' ·-· 6.9 24.8 54.::::. 99 




Std.4. 1B.1 9.4 7.4 47 .18 .• 1 100 
Std.:_:, 21.7 3.6 6.6 4"'.'• ~ ... ,.;_. k 2~5. C:,' 100 
Std • 6}_. 2~~~~9 6. :_:, 8.6 46.8 12a2 100 
0 
Boys. 20 4.9 8.3 49.3 17.6 100.1 
Git-ls .. :2:3. ::::~ I' .6 6.8 41 .8 20.5 100 I 
.. 
I I 
Gluest.ion c 7 
Ootions. 
2. b c d 
OveJ·-·aJ. 1 1::'.6 16.1 '26.7 44.6 1.00 
0 
Cape. 9 1 ~:.. 6 26.4 49 1.00 




Std.4 10. -7 1.~5.4 :26.8 47 . .1 100 
Std.!:• 8.8 15.6 24.8 !:·0. 7 '7'9. 9 
Std.6 7.4 .16 27.6 49 100 
Std.7 9.8 1.8.6 r"\ c: t:: .L.. ~.',. '"·' 46.1. 100 
Std.8 !:·. 9 1!:•.7 :;5. 4 42.9 99.9 
Std.9 Sc. 10 1.4 40.6 :~~t. 4 1.00 
Std. •::; NSc. 8.5 14.8 29 47.7 100 
0 
Afrikaans. 8.1 16. :; 30 45.6 100 
Enqlish. 9.1. 15.7 :;o. 7 44.5 100 
(l 
Boys. 8.3 19.5 ::::;~~;. 6 :;8.6 100 
Girls. 9 .. 3 12.1. 25 a ::1 53.2 1.00.1. 
0 
Tovm. 7.3 1!:·.4 29 48.::::. 100 




Std . 4. 27a2 17.7 16.3 ::::.8.8 100 
Std.5 28.7 19.5 11.6 40.2 100 
Std.6. 26.8 14.5 19.6 39.1 .100 
(l 
Bovs. 27.4 18.4 14.4 39.8 100 
Girls. 27.8 16.5 16. ~j 39.1. 99.9 
. Q 
APPENDIX C: CHIC! LISTS 

Appendix C 
Checklists for the Science Teacher 
Ross Tasker 
Appendix C1: A checklist for planning science 
activities 
1 General 
Class level: 3 4 5 6 7 Ability: Low Mid High Mixed 
No. in class: Work: individually __ in pairs __ groups of __ 
2 Background Thinking 
2.1 What in particular do I want to achieve? (Knowledge, manipulative 
skill, experimental design, attitude) 
2.2 What will be the most effective kind of activity to achieve this? 
(Experimentation, demonstration, exploration, problem solving, 
. project) 
2.3 Exactly how will this activity achieve its purpose? 
2.4 Are the pupils ready for this activity? 
(a) Do they have the background ideas that I expect them to have? 
(b) Do they have the required skills for the activity? (Manipulation, 
observation, classification, graph or data interpretation) 
3 Setting up and Carrying out the Activity 
3.1 How will I convey my purpose for the activity to the pupils? 
' 
3.2 What instructions will I need to give the pupils so that the activity 
will be carried out as I intend? 
3.3 How will I present the instructions? (Blackboard, chart, list of tasks, 
diagram, flow charts, etc.) 
3.4 What level of language will I need to use? 
3.5 How can I highlight critical design features of the activity so that 
its main points will not be missed? 
3.6 What opportunities need to be provided to learn or review pre-
requisite skills? 
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3. 7 What equipment is needed? 
3.8 How will the equipment be made available to the pupils? 
3.9 How much time should the activity take? 
4 Handling the Outcomes 
4.1 What directions do I need to give pupils for recording what they are 
doing, what they observe and what they think it all means? 
4.2 . What will I do if there is a mismatch between my intended results 
and the pupils' results and thinking? 
OR 4.2 How can other unexpected results and thinking be directed to those 
of the activity's purpose? 
5 Using the Outcomes 
5.1 Where will I go from here"? 
5.2 What alternative activities could I use to further challenge pupils' 
thinking if necessary? 
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Appendix C2: A checklist to evaluate a science 
activity 
1 General 
Evaluation by SELF COLLEAGUE 
2 Background Thinking 
2.1 What purpose for the activity did pupils adopt? (The teacher's or 
another?) 
2.2 How was this shown? (Observation, questioning, individuals etc.) 
2.3 Did the kind of activity suit the purpose? 
2.4 Were the pupils ready for the activity? Did they have: 
(a} appropriate background ideas? 
(b) the skills required to carry out the activity as expected? 
3 Carrying out the Activity 
3.1 Did pupils have any trouble working out what to do? If so, what 
caused _the trouble (language, comprehension, unfamiliar 
equipment, etc}? 
3.2 Did pupils appear to really understand what they were doing? (Did 
pupils understand the design features of the activity?) 
3.3 Were there any unexpected problems with using the equipment or 
materials? · 
3.4 'Did pupils have the skills required to carry out the activity as 
expected? 
3.5 Did the students have enough time to do the activity? 
4 Jiandling the Outcomes 
4.1 Did the pupils get their own results? What did they do with them? 
4.2 Were the results 'expected' by the teacher? 
4.3 How were the results and thinking of the pupils related to the 
purpose of the activity - did they draw their own conclusions? 
4.4 Did pupil conclusions match those expected by the teacher? If not, 
was the teacher aware of the mismatch and were any such 
mismatches effectively considered by the class? 
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Appendix C3: A checklist for pupil evaluation of a 
science activity 
Please answer the following questions in terms of how you see the activity. 
1 What were you trying to find out or show? 
2 Were the instructions easy to follow? 
3 Which words did you find hard? 
4 Did you know exactly what to do? 
5 Was anything hard to do or understand? 
6 If you asked for help, whom did you ask? 
7 Why that person? 
8 When you did each part of the activity, did you really know what you were 
doing? 
9 If you talked to other pupils about the activity, which parts did you talk 
about? 
10 What were the results you got from the activity? What did your results 
mean to you? · 
11 When you got a result, did you think it was what the teacher expected you 
to find out'!' 
12 What did you do with your results? 
13 What have the results to do with what you were trying to find out, show, 
or prove? 
14 Did you really understand what you were doing during the activity? 
